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ROBERT  BAIRD 
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NEwBrrH 


S I R, 

I BEG  leave  to  prefent  to  you  my 

tory  of  the  Mineral  Kingdom,  a work 
which  is  intended  to  facilitate  the  re- 
fearches  of  thofe  who  are  employed  in 
exploring  thofe  dark  regions  of  nature, 
which  contain  treafures  for  the  comfort 
of  the  public  at  large,  and  the  emolu- 
ment of  each  individual  to  whom  they 
J)elong. 


You, 
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You,  Sir,  are  interefled  in  the  fuccefs  of 
every  fcheme  which  tends  to  projnote  this 
great  defign  ; and,  therefore,  with  the 
greater  freedom  I venture  to  infcribe  to 
you  the  refult  of  my  enquiries. 

The  undertaking  is  difficult,  the  fub- 
je6l  is  dark,  and  the  road  has  been  ex- 
plored by  few.  It  will  be  allowed  that 
my  intention  is  good,  in  endeavouring  to 
affift  gentlemen  to  obtain  poffeffion  of  thofe 
treafures  of  nature,  and  in  the  bell  and 
ealiefl  manner  to  draw  them  from  their 
fubterraneous  abode. 

t 

I cannot  venture  to  fay  how  far  I have 
fucceeded  in  the  execution  of  my  delign. 
My  intention  is  not  fo  much  to  propofe 
or  efhabliffi  new  theories,  as  to  elucidate 
the  fubjedt,  by  conclulion's  drawn  from 
fadt  and  experience ; and  every  one  muft 
allow  thefe  are  our  fureft  guides  in  fcience 
and  in  art.  I pretend  not  to  inllriufl  the 
philofopher,  but  he  may  be  amufed,  by 
having  fuch  operations  of  nature  delineated 
to  him  as  he  never  had  an  opportunity  in 
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perfon  to  inveftigate.  May  I hope  that  my 
labours  will  prove  ufeful  to  landed  gentle- 
men, in  diredling  their  future  proceedings 
in  Mineralogy?  From  your  connection  with 
the  fubjeCt,  and  your  enlarged  views  com 
cerning  it,  you  are  juftly  fenhble  of  its 
advantages  to  fociety.  I requeft  you  will 
take  it  under  your  proteClion,  and  allow 
me,  with  the  greateft  refpeCl,  to  fubfcribe 
myfelf, 

SIR, 

Your  much  obliged  and 
Moft  obedient  humble  fervant, 
JOHN  WILLIAMS, 

\ 

Gilmerton,") 

September  17890 


PREFACE. 


Great  Britain  has  long  ago  been 

called  a fortunate  ifland,  and  it  muft 
be  acknowledged,  that  the  appellation  is 
as  proper  to  Britain  as  to  any  other  ifland , 
or  country  in  the  world.  The  foil  of  this 
ifland  is  adapted  to  produce  excellent 
grain  and  fruits.  Her  downs  and  verdant 
hills  are  covered  with  ftore  of  the  befl;  of 
fheep,  which  yield  excellent  fleeces  for  our 
manufa(5lures,  as  well  as  food  for  our  ta- 
bles. Numerous  herds  of  beeves  are  fed 
upon  her  mountains  and  in  her  meadows, 
and  her  feas  and  rivers  abound  in  the  moft 
delicious  fifh.  The  climate  of  this  ifland 
is  mild  and  healthy  ; her  mountains  breathe 
the  purefl:  air,  and  abound  in  the  fweetefl: 
Iprings,  and  her  valleys  are  wafhed  and 
fertilized  by  pure  and  limpid  ftreams. 

This  fortunate  ifland  is  placed  almofl:  in 
the  center  of  the  habitable  world,  with  free 
and  ready  egrefs  to  the  Mediterranean,  the 
Baltic,  the  Eafl;  and  Weft  Indies,  and  all 
other  feas  to  the  fouth  and  north  ; — the 
moft  convenient  fituation  for  extenfive' 
commerce,  which  is  greatly  facilitated  by 
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tlie  fafety  and  prodigious  extent  of  her  fea 
coafts,  the  depth  and  numbers  of  her  ri- 
vers, and  the  depth  and  numbers  of  her 
bays  and  finufes  all  round  the  ifland.-^ 
Her  forefts  produce  the  hardieft  oaks  for 
fliip-building,  and  her  fea-ports  the  beft 
and  hardieft  failors,  who  are  in  a manner 
bred  upon  the  water  ; and  no  ifland  in  the 
world  ever  yet  arrived  at  fuch  commercial 
eminence,  and,  in  confcquence,  at  fuch  a 
height  of  power,  wealth,  and  grandeur. 

But  it  is  not  all  the  external  produHions 
of  this  ifland  put  together,  favoured  as  fhe 
is  by  the  goodnefs  of  her  foil  and  fituation, 
and  aflifted  by  the  excellence  of  her  conftitu- 
tion,  and  the  utmoft  exertion  of  the  genius 
of  her  fons,  that  ever  was,  or  ever  will  be 
able  to  raife  her  to  fuch  a height  of  power 
and  wealth,  or  to  fuch  commercial  and  po- 
litical confequence  in  the  world.  The  foil 
of  fome  other  countries  is  as  good  as  that 
of  Britain.  The  ifland  of  Sicily  produces 
as  excellent  grain  and  better  fruits,  and 
fome  parts  of  Spain  as  good,  if  not  better 
^ fleeces.  But  Britain  has  other  valuable 
fources  of  commerce  and  wealth.  The 
materials  of  many  of  the  various  and  ex- 
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tenfive  mailufacflures  of  the  ifland,  are  de- 
rived from  the  bowels  of  the  earth,  from 
her  plentiful  mines  and  coal-works. 

This  is  the  fource  of  the  materials  of 
our  mofl  numerous  and  extenlive  manufac- 
tures, and  of  the  utenfils  of  them  all ; and 
it  is  our  manufactures  that  fill  and  extend 
the  channels  of  commerce,  and  bring  home 
our  wealth  from  afar. 

This  ifiand  is  a nurfery  of  arts,  as  well 
as  of  manufactures  and  commerce. 

It  is  a curious  and  entertaining  amufe- 
ment  to  refleCt  upon  the  connection  and 
dependence  of  the  arts  upon  one  another, 
and  upon  the  improvements  and  advances 
of  fociety  in  a poliftied  commercial  coun- 
try. A man  of  genius  and  of  judgment, 
equal  to  the  taflc,  with  a ftock  of  informa- 
tion and  fcope  of  thought  like  Raynal, 
who  would  write  a book  to  fhew  us  the 
progrefs  and  improvements  of  the  ufeful 
arts,  the  aera  of  remarkable  difcoveries  and 
their  effeCts,  and  the  influence  v/Iiich  the 
improvements  of  the  ufeful  arts  has  upon 
the  commercial  and  political  ftate  of  the 
nation,  and  of  the  world  in  general,  would 
deferve  the  thanks  of  his  country  for  the 
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extenfive  information,  ufeful  inflru<5tion, 
and  national  entertainment  which  his 
book  would  afford. 

Perhaps  it  would  then  appear,  that  the 
great  quantity  and  variety  of  metal  which 
this  ifland  produces  has  more  influence 
upon  the  commerce,  wealth,  and  power 
of  the  nation  than  we  are  accu  Homed  to 
imagine  at  prefent.  But  as  I have  neither 
abilities  nor  materials  for  fuch  enquiries, 
1 will  leave  them  to  be  inveftigated  by 
fuch  as  are  equal  to  the  taflc.  This  much, 
however,  appears  very  obvious  to  me,  that 
great  numbers  are  profitably  employed  in 
our  mines,  and  in  conveying  the  metals 
out  of  the  nation  ; that  the  value  of  thefe 
metals,  whether  raw  or  manufadlured,  is 
all  clear  gain  to  the  nation  ; that  flill 
greater  numbers  are  employed  to  work 
upon  the  metals  for  all  ufeful  and  orna- 
mental commodities,  and  for  all  utenfils, 
trades,  and  arts.  What  is  done  without  the 
metals  ? Look  into  the  kitchens  and  buffets 
of  the  great  and  wealthy  : what  profufion  ! 
And  yet  all  for  ufe.  When  we  pafs  thro’ 
Cheapfide  in  London,  one  might  imagine 
that  all  the  metal  of  the  world  was  fur- 
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bifhed  up  and  arranged  there  for  his  in- 
fpe(flion ; and  yet  it  is  in  fome  proportion 
equally  plentiful  every  where.  The  utili- 
ty of  the  metals  is  analogous  to  their  abun- 
dance. The  mathematical  inftrument  ma- 
ker does  but  little  without  them,  and  much 
is  ufed  by  the  blackfmith,  whitefmith, 
copperfmith,  pewterer,  tin-plate  worker, 
coachmaker,  cabinet-maker,  clockmaker, 
filverfmith,  engraver,  printer,  &c.  The 
quantities  ufed  by  the  various  forts  of 
founders,  and  the  plumbers,  are  immenfc. 
But  if  you  would  wi£h  to  have  a full  and 
comprehenlive  view  of  the  profufion  and 
great  utility  of  the  metals,  ftep  into  the 
wmrk-fbops  and  ware-houfes  of  Birming- 
ham : How  many  thoufands  are  there 
at  work  ! What  amazing  quantities  of 
wrought  goods  are  ftored  there  ready  for 
exportation  and  home  confumption ! There 
you  will  fee  them  bulled  in  making  all  that 
is  worn  of  metal  by  the  lady  and  her  maid, 
the  clown  and  the  beau,  the  horfe  and  his 
rider,  both  for  ornament  and  real  ufe  ; and 
their  ware-houfes  contain  enough  for  half 
the  world,  which  mull  pafs  through  the 
channels  of  commerce.  In  Ihort,  the  plen- 
ty 
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ty  and  variety  of  our  own  metals,  and  the 
plenty  and  excellent  quality  of  our  coals, 
enables  us  to  manufadlure  and  export  more 
and  greater  variety  of  metallic  goods  than 
any  other  nation  whatever. 

From  this  imperfe(5l  fketch  of  the  pro- 
fuhon  and  extenlive  ufe  of  our  metals,  I 
would  infer  the  great  importance  of  the 
Britilh  mines  to  the  commerce,  wealth, 
and  grandeur  of  the  nation  ; and  I would 
likewife  infer  the  importance  of  improve- 
ments in  the  natural  hiftory  of  the  mine- 
ral kingdom  in  fuch  a country,  efpecially 
at  this  period. 

Mineralogy  is  now  become  a faihionable 
ftudy  in  mofl  countries  of  Europe,  and 
many  ufeful  and  entertaining  difcourfes 
have  been  made  of  late  years.  . But  the 
prefent  vogue  and  reputation  of  this  branch 
of  knowledge  is  nothing  in  compari- 
fion  of  its  great  utility.  There  cannot 
be  a more  interefting  ftudy  for  a Briton ; 
for  while  we  have  extenfive  mines  and  col- 
lieries, and  while  the  produdlion  of  them 
can  be  obtained  at  a moderate  expence,  we 
fball  be  conliderable  as  a manufadluring 
and  a commercial  people. 
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It  is  a particular  lofs  to  the  increafe  of 
knowledge  in  the  natural  hiftory  of  the 
mineral  kingdom,  that  this  branch  of 
fcience  is  negle6led  in  our  public  fchools. 
Mineralogy  is  taught  in  the  Univerfities 
abroad.  I believe,  that  what  may  be  called 
fodilogy,  or  the  arrangement  and  defcrip- 
tion  of  mineral  folhls,  is  taught  in  fome  of 
our  public  fchools  ; but  their  inftrudlions 
are  founded  upon  fmall  detached  famples, 
the  collections  of  the  cabinet,  which  leave 
the  country  gentleman  and  the  young  mi-^ 
ner  as  much  in  the  dark  as  before,  with 
refpecl  to  the  knowledge  of  nature  and  of 
real  mineral  appearances,  which  are  the 
true  fources  of  ufeful  knowledge  in  thefe 
matters  ; and  this  fpecies  of  knowledge  is 
of  great  importance.  No  country  in  the 
world  depends  fo  much  upon  the  produc- 
tions of  the  mineral  kingdom,  for  the 
means  of  comfortable  accommodation, 
wealth,  and  power,  as  the  ifand  of  Britain. 

Coal  is  now  become  of  fuch  immenfe 
confequence  to  our  cities  and  populous 
.counties,  to  our  forges  and  other  manu- 
faclures,  that  it  was  impoffible  for  tis  to 
have  arrived  at  fuch  commercial  eminence, 
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and  it  is  as  much  impoffible  for  us  to  fup- 
port  our  prefent  flourifhing  flate  of  fociety 
without  it ; and  we  are  equally  indebted 
to  the  other  parts  of  the  mineral  kingdom 
for  many  of  the'fcaple  commodities,  which 
are  fo  widely  diffufed  in  the  numerous 
channels  of  our  exteniive  commerce. 

When  we  coniider  that  many  thoufands, 
I may  fay  millions,  of  induftrious  hands 
are  employed  one  way  or  other  about  the 
produce  of  the  mineral  kingdom  in  this 
id  and,  we  are  convinced  of  the  importance 
- of  the  increafe  of  knowledge  in  Mineralo- 
gy, arid  of  the  advantage  that  would  ac- 
crue to  the  nation  from  the  inllitution  of 
a clafs  for  teaching  this  fcience  at  our 
public  fchools. 

It  may  be  faid,  that  the  necelTary  aids 
for  fuch  an  ihflitutiori  are  wanting  in  this 
ifland  ; — there  has  not  yet  appeared  any 
genuine  natural  hiflory  of  the  mineral 
kingdom,  founded  on  fuch  found  princi- 
ples of  philofophy,  as  would  enable  a teach- 
er to  lay  the  foundation  of,  and  to  com- 
plete a continued  courfe  of  inllruclions  in. 
the  fcience  of  mineralogy.'  There  are  not, 
that  I know  of,  many  valuable  books  upon 
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the  fubjecl  in  onr  language,  excepting  fuch 
as  treat  of  chemiftry  or  metallurgy,  and 
fuch  as  arrange  and  defcribe  fofTil  bodies, 
as  they  are  found  in  the  cabinets  of  the 
curious, — almoft  all  the  reft  is  nothing  but 
wild  theory  and  fyftem,  built  upon  fanci- 
ful notions  and  opinions,  the  fruits  of  the 
clofet,  which  have  no  foundation  in  the 
truth  of  fa(fts,  as  they  appear  in*  natural 
hiftory  ; and  therefore  fuch  books  can  be 
of  no  ufe  but  to  amufe,  to  multiply  diver- 
ftty  of  opinions,  and  to  increafe  ignorance 
of  the  real  knowledge  of  nature. 

It  is  this  confideration  which  induces 
me  to  give  to  the  public  a work  the  fruit 
of  more  than  forty  years  experience  and 
obfervation,  to  which  great  opportunities 
and  a mind  ardent  in  refearches  of  this 
nature  prompted  me.  How  I have  exe- 
cuted my  plan,  the  Public  ftiall  judge  : 
But  I flatter  myfelf,  from  the  great  num- 
ber of  fadls  I have  afcertained,  and  from 
the  many  difcoveries  I have  made,  that 
my  obfervations  may  be  producftive  of  real 
ufe  to  mankind,  by  exciting  the  purfuit  of, 
and  giving  a proper  direcftion  to  the  ftudy 
of  this  fcicnce,  with  more  pleafure,  cafe, 
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and  proficiency  than  hitherto.  The  know- 
ledge of  truth  in  every  branch  cf  fcience 
is  pleafant  and  profitable  ; and  it  is  gene- 
rally acknowledged,  that  natural  hiftory  is 
the  moft  pleafant  and  profitable  of  .all 
human  fludies  and  refearches ; and  of  all 
the  parts  of  natural  hiftory,  the  mineral 
kingdom  is  the  moft  magnificent  and  au- 
guft,  provided  that  we  ftudy  nature  her- 
felf.  There  is  a noble  air  of  grandeur  and 
magnificence  in  the  fe6lions  of  lofty  piles 
of  ftrata,  in  huge  rugged  rocks,  and  hang- 
ing precipices,  in  profound  caverns,  and 
high  and  extenfiye  cliffs  of  the  fea,  not  to 
be  found  in  other  obje(Ts  around  us. — 
Thefe  fcenes  aftonifh  and  captivate  the 
mind  at  firft  fight ; and  the  better  we  are 
acquainted  with  them,  the  more  we  are 
enraptured  with  the  view  of  the  wonder- 
ful and  endlefs  variety  which  we  difcover 
in  thefe  fcenes  of  nature  ; and  habi- 
tual application  to  thefe  refearches  afiimi- 
late  the  mind  by  degrees  to  the  greatnefs 
of  the  fubjed:.  Difcoveries  of  truth  and  at- 
tainments of  knowledge  in  thefe  refearches 
have  the  happieft  effecft  on  the  human  mind. 
In  purfuing  thefe  ftudies  fuccefsfully,  the 
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jiiiiid  is  elevated,  the  underftanding  is  en- 
larged and  filled  with  great  ideas,  and  all 
the  powers  of  the.  foul  are  exalted  and 
pleafed  at  being  able  to  comprehend  fome- 
what  of  thefe  great  works  of  God.  In 
Iliort,  I conclude  that  there  are  no  human ' 
ftudies  fo  amufing,  fo  entertaining,  and  de- 
lightful as  thefe,  when  the  Undent  de- 
lights in  the  fequeftered  fcenes  of  nature. 
There  is  fuch  a dignity  and  variety  in 
every  part  of  this  fubjedl,  that  it  is  impof- 
fible  for  a perfon  of  any  genius  and  tafte 
to  be  cloyed  with  thefe  purfuits.  Who 
can  poilibly  weary  of  endlefs  change,  and 
all  either  aftonifliingly  great,  or  fantaftical- 
ly  grotefque,  or  beautifully  regular  ; and 
I know  well,  that  the  more  we  improve  in 
the  knowledge  of  thefe  natural  fcenes,  the 
more  we  delight  in  them  ; and  therefore, 
without  being  a prophet,  I will  venture  to 
predidl,  that  whenever  young  gentlemen 
of  genius  and  attention  take  pleafure  in 
thefe  refearches,  it  may  be  then  proclaim- 
ed, that  the  darknefs  is  paft,  and  that  the 
glorious  light  of  fcience  is  Tifing  upon  the 
mineral  horizon.  Great  and  rapid  pro- 
grefs  will  then  be  made  in  this  branch  of 
. ' natural 
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natural  knowledge,  and  the  mineral  king- 
dom will  foon  be  underftood  as  well  as 
the  animal  and  vegetable  kingdoms.  But 
the  importance  of  thefe  ftudics  fliould  be 
preferred  to  the  pleafure  of  them  in  this 
mining,  manufa(!ifuring,  and  commercial 
country,  where  it  may  be  fuppofed  there 
are  but  few  landed  ellates  that  do  not  con- 
tain fome  mine  or  mineral  folTil  or  other, 
which  may  contribute  to  the  public  good, 
and  to  private  emolument ; and,  therefore, 
I wifli  to  excite  a lively  fenfe  of  the  im- 
portance of  increafing  mineral  knowledge. 

In  fuch  a country  as  this,  young  gentle- 
men of  landed  ^property  fhould  be  initiated 
in  the  principles' of  Mineralogy,  and  fuch 
youth  as  aim  at  profeffional  abilities  in 
mineral  lines  of  bufinefs,  fhould  have  it 
in  their  power  to  lay  an  early  foundation 
of  knowledge  in  this  branch  of  natural 
hiflory,  which  is  the  befl  way  to  arrive  at 
eminence  in  the  flations  they  are  intended 
to  fill. 

I have,  in  the  following  flieets,  contri- 
buted a fmall  moiety  towards  the  acqui- 
fition  of  knowledge  in  mineral  fcience. 
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I have  treated  pretty  fully  of  the  natu-^ 
ral  hiftory  of  the  ftrata  of  Coal,  and  of  fuch 
other  ftrata  as  are  found  to  accompany 
coal ; I have  treated  fully  and  diftin<5lly  of 
the  appearances,  indications,  and  fymp- 
toms  of  coal ; and  I have  been  very  care- 
ful to  diftinguifli  the  real  and  certain  ap- 
pearances from  fuch  as  are  either  falfe  or 
doubtful.  In  this  part  of  my  fubjecft  I 
have  taken  due  pains  to  inveftigate  and 
explain  every  thing  that  I thought  would 
throw  light  upon  and  communicate  ufeful 
information  relating  to  a fubje<51;  of  fo 
much  importance  to  fociety ; and  I am  per- 
fuaded  that  my  treatife  upon  coal  will  be 
of  ufe  to  landed  gentlemen,  towards  faci- 
litating the  progrefs  of  youth  in  the  know- 
ledge of  this  branch  of  natural  hiftory,  and 
as  an  index  for  the  young  coal-mafter. 

The  fecond  fubjecft  treated  of  in  this 
work  is  the  Natural  Hiftory  of  Mineral 
Veins,  and  of  the  other  beds  and  repofitories 
of  the  precious  and  ufeful  metals.  I 
did  not  at  firft  intend  to  publifti  my 
treatife  concerning  metallic  mines  at  this 
time,  becaufe,  it  is  not  completed ; but 

when 
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when  the  firft  part  of  my  work  was  piit  in 
the  prefs,  I refledled  that  this  fecond  part 
contains  a number  of  particulars  which 
may  be  ufeful  to  landed  gentlemen  and 
young  miners  ; and  as  it  is  very  uncer- 
tain whether  I fliall  proceed  any  farther 
in  thefe  mineral  elTays  than  the  two  vo- 
lumes now  publifhed,  I thought  it  was 
better  to  offer  this  in  its  prefent  imper- 
fedh  fhate  than  to  fupprefs  it  altogether. 

The  hiflory  and  defcription  of  mineral 
veins  is  perhaps  more  full  and  explicit 
than  can  be  found  any  where  elfe.  The 
precepts  upon  fhoading  and  hufliing  are 
the  refult  of  much  practice : The  obfer- 
vations  and  inftru(5Lions  concerning  the 
appearances  and  fymptoms  of  mines  will 
give  fatisfadlion,  and  be  a fure  guide 
to  all  fuch  as  have  occafion  to  confult 
them ; and  the  local  examples  of  the  ap- 
pearances of  fome  valuable  mines  may,  in 
the  courfe  of  time,  be  of  great  ufe  to  fo- 
ciety. 

Such  hiftorical  facfls  have  always  been 
confidered  as  valuable  communications. 
In  fhort,  all  that  is  advanced  in  this  im- 

perfe(5l 
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perfecfl  fragment  is  die  fruit  of  my  own 
obfervation  and  experience ; and,  therefore, 
it  Ihould  be  of  fome  value,  fuch  produc- 
tions being  generally  ufeful  to  fociety. 

Thefe  two  elTays  upon  coal  and  the 
metallic  mines  compofe  the  firft  volume. 

In  the  fecond  volume  I proceed  to  take 
a view  of  the  prevailing  ftrata  of  Great 
Britain,  and  of  many  interefting  phseno- 
mena  of  the  fuperficies  of  our  globe. 

The  philofophy  or  natural  hiflory  of 
the  fuperficies  of  the  globe  is  an  intereft- 
ing fubjecl  to  all  mankind  in  a focial  ftate. 

Many  of  the  neceflaries,  and  moft  of  the 
conveniencies  of  life  are  found  either  up- 
on or  a little  within  the  furface  of  the 
globe,  being  the  produ6lions  of  the  mine- 
ral kingdom  ; and  we  are  obliged  to  many 
of  the  ftrata  for  the  plenty  and  excellence 
of  our  food.  Lime  is  of  great  ufe  to  me- 
liorate the  foil,  and  to  ftimulate  or  excite 
vegetation,  and  the  gradual  weathering  and 
decompofition  of  the  fuperficies  of  many 
other  ftrata,  reftore  and  ipcreafe  the  foil, which 
may  be  in^  part  exhaufted  or  carried  away 
by  rains  and  currents  ; and  if  we  look 
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upon  our  houfes,  and  within  them,  we 
may  foon  perceive  how  much  we  are  in- 
debted to  the  mineral  kingdom. 

The  mod  remarkable  phaenomena  which 
prefent  themfelves  to  us  upon  the  furface, 
and  as’ far  as  we  penetrate  within  the  fur- 
face  of  the  globe,  are  remarked  and  ex- 
plained in  this  third  part  under  feveral 
heads.  , . 

ly?,  I have  taken  a view  of  the  prevail- 
ing rocks  and  ftrata  of  this  ifland,  to 
fee  which  of  them  are  ftratified,  and  which 
of  them  are  not.  On  this  head  I have  ex- 
amined the  appearance,  colours,  quali- 
ty, thicknefs,  regularity,  bearing,  flnpe, 
and  courfe  of  the  feveral  clalfes  of  ftra- 
ta  : I have  collected  a great  number  af 
interefting  facds  and  local  examples  ; and 
I have  been  at  great  pains  to  feledl,  -and 
to  examine  particularly  fuch  ilrata  as  are 
mod  ufeful  to  fociety. 

2^,  I have  treated  of  the  dratificatioii 
of  the  fuperlicies  of  our  globe  by  the  -agen- 
cy of  water.  In  this  difquidtion  the  en- 
lightened and  candid  naturalid  will  find  a 
conliderable  number  of  abdrufe,  but  inte- 
reding  phnsnomena  above  ground  and  be- 
low. 
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low,  ralfed  from  obfcnrity,  and  treated  of 
and  explained  upon  rational  principles,  in  a 
clear,  convincing,  and  fatisfacflory  man- 
ner. 

3^,  I have  examined' part  of  the  modern 
fyftem  of  Count  Buffon  and  others  upon 
this  fubjebl,  to  fee  how  they  correfpond 
with  the  real  ftru<5lure  of  the  fuperficies 
of  the  globe,  and  other  phenomena  of  na- 
ture ; and  what  I have  - advanced  under 
this  head  will  bear  the  fevereft  fcrutiny  by 
every  tefl. 

4/i6,  I have  treated  of  the  natural  hiflory 
of  mountains,  and  of  their  glens  and  exca- 
vations, which  is  a fublime  and  difficult 
fubje<5t.  In  this  part  the  height  and  fi- 
gure of  the  mountains,  the  profundity,  di- 
redlion,  and  extent  of  their  excavations, 
the  exterior  and  interior  flrudlure,  with 
all  the  mofl  remarkable  phsenomena  of 
mountains,  and  other  irregularities  of  the 
furface  of  the  globe,  are  fully  accounted 
for  and  explained  to  a demonflration,  up- 
on the  principles  of  the  agency  of  water, 
and  of  the  prodigious  height  and  force 
of  the  diluvian  tides  ; and  the  clear  light 
' which  is  thrown  upon  this  great  fubjecl, 
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will  convince  every  candid  naturalift  of 
the  truth  of  my  propofitions. 

I have  examined  the  nature,  or  qua- 
lity, the  fize,  figure,  and  other  phaenomena 
of  the  larger  grains  .and  fragments  which 
are  found  in  the  compofition  of  our  rocks 
and  ftrata,  and  thefe  enquiries  naturally 
lead  us  into  profound  and  interefting  dif- 
quifitions  relating  to  the  univerfal  deluge, 

— to  the  prefent  and  the  antediluvian 
earth. 

This  profound  and  awful  fubjecl  is  na- 
turally myflerious  and  obfcure,  but  it  has  ^ 
been  involved  in  infinitely  greater  obfcurity 
and  confufion  by  the  theories  and  fyftems 
of'  all  ages,  as  the  fubjedl  never  has  been 
well  underftood  ; — out  of  which  obfcurity 
and  confufion  I have  endeavoured  to  raife 
it,  and  to  explain  and  illuflrate  the  doctrine 
of  the  deluge  upon  rational  principles,  a- 
greeable  to  the  laws  and  phaenomena  of 
nature. 

6/y6,  I have  made  a few  obfervations 
concerning  feveral  other  fubjedls  relating 
to  the  mineral  kingdom,  among  which 
there  will  be  found  an  interefting  treatife 

■ of  Volcanoes. 

* '•  « 
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I beg  leave  in  this  place  to  obferve,  that 
in  all  this  work  I aim  at  being  ufeful  to 
fociety,  efpecially  within  the  limits  of  my 
own  country, — my  native  ifland  ; but  in 
the  tradl  upon  volcanoes  my  genius  and 
imagination  foars  above  the  height  of  the 
Britilh  mountains,  and  takes  a view  of  all 
mankind  upon  the  whole  face  of  the  globe, 
and  efpecially  where  they  now  are,  or  may 
hereafter  be  plagued  with  the  dreadful  cala- 
mity of  volcanoes  ; and  to  be  the  inftrument 
of  faving  many  lives  from  fudden  dellruc- 
tion, — to  mitigate  the  miferies  and  abridge 
common  lolfes  in  volcanic  countries ; 'and 
if  my  rules  and  inftrucftions  for  that  pur-, 
pofe  are  thoroughly  conlidered  and  fol- 
lowed, I am  perfuaded  that  what  I have 
written  will  produce  happy  effe6ts.  The 
tracl  upon  volcanoes  is  founded  upon  ex- 
perimental fcience  and  real  knowledge  of 
natural  hiftory ; and,  therefore,  I hope, 
that  in  time  very  happy  confequences  will 
refult  from  my  eff^y  upon  this  fubje<51: ; 
in  compoling  which,  the  whole  powers  of 
my  foul  were  animated  and  exerted  in  fer- 
yent  defires  of  doing  good. 

• ' The 
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The  diflertations  concerning  the  ba- 
lance of  the  waters  of  the  ocean,  and  the 
accumulated  mountains  of  ice  and  frozen 
fnow,  which  mutually  and  reciprocally  de- 
pend upon  and  illuftrate  one  another ; 
concerning  the  peopling  of  America  by 
land  from  the  north-eaft  of  Afia,  and  its 
being  flocked  with  land  animals  from  Ar- 
menia, in  an  early  age,  before  the  moun- 
tains of  frozen  fnow  were  greatly  accumu- 
lated;— concerning  the  peflilential  effedls  of 
humid  vapours  arifing  from  the  flime  of 
new  formed  lands,  from  marfhes  and  ex- 
tenfive  woods  in  warm  countries,  and  how 
to  mitigate  thefe  difmal  calamities,  and 
to  banifh  thefe  undermining  enemies  of 
the  human  race  ; — concerning  the  deepen- 
ing and  improving  the  beds  and  bars  of 
the  navigable  and  other  rivers  of  the  world, 
and  the  draining  and  improving  of  marfhes, 
new  formed,  and  wood-lands,  with  the 
great  and  glorious  confequences  of  fuch 
works,  for  the  health,  longevity,  general 
happinefs,  and  profperity  of  all  nations  ; 
are  humbly  fubmitted  to  the  examination 
and  cenfure  of  iiich  candid  and  benevo- 
lent philofophers  as  make  advances  in  ufe- 
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fill  improvements,  and  tlie  profperity  and 
hkppinefs  of  mankind  the  ultimate  end  of 
the  exertion  of  their  talents.  In  thefe  dif- 
fertations  they  will  find  many  valuable 
hints,  which  they  can  improve,  and  a great 
deal  of  matter  of  vafl  importance  and  con- 
fequence  to  the  health  and  welfare  of  the 
world,  very  ill  put  together,  and  in  an  un- 
couth drefs,  but  which  they  may  arrange, 
improve,  and  clothe  in  better  language. 

Since  writing  the  above,  and  all  I pro- 
pbfed  to  advance  at  prefent  in  the  follow- 
ing effays,  I have  perufed  a New  Theory 
of  the  Earth,  ,by  James  Hutton,  M.  D. 
F.  R.  S.  Edinburgh,  concerning  which  I beg 
leave  to  make  a few  remarks  in  this  place. 

I 

Dr  Hutton  is  a naturalifl  of  eminent 
abilities,  whofe  knowledge  in  feveral 
branches  of  mineralogy  does  honour  to 
his  country,  as  fome  of  his  o.bfervations  in 
the  treatife  under  review  clearly  evince. 
The  propofitions  he  Rates,  with  the  con- 
clufions  he  draws  from  them,  to  confirm 
his  hypothefis  in  the  theory  of  the  earth, 
fliall  be  the  fubjefl  of  the  following  obfer- 
vations.^ 

The 
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The  Do(5lor’s  general  fyftem  in  his 
theory  of  the  earth  may  be  comprifed  in 
thefe  four  propofitions. 

ij^,  That  all  our  rocks  and  ftrata  have 
been  formed  by  fubfidence  under  the  wa- 
ters of  a former  ocean,  from  the  decay  ^ of, 
and  wafte  of  a former  earth,  carried  down 
to  the  fea  by  land-floods. 

id^  That  thefe  fubmarine  rocks  and 
flrata  were  heated  to  the  degree  of  fulion' 
by  fubterraneous  fire,  while  immerfed  un- 
der the  waters  of  the  ocean,  by  which 
heat  and  fuflon,  the  lax  and  porous  fedi- 
ment  was  confolidated,  perfectly  cemented, 
and  all  the  pores  and  cavities  filled  up  by 
the  melted  matter,  while  the'  whole  mafs 
was  in  a ftate  of  fuflon. 

3^3^,  That  the  rocks  and  flrata,  fo  formed 
and  confolidated  under  the  waters  of  the' 
ocean,  were  afterwards  inflated  and  forced 
up  from  under . water  by  the  expanflve 
power  of  the  fubterraneous  fire,  to  the 
height  of  our  habitable  earth,  and  of  the 
loftiefl  mc^untains  upon  the  furface  of  the 
globe. 

4/^?,  That  thefe  operations  of  nature, 
viz.  the  decay  and  wafle  of  the  old  land, 

the 
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the  forming  and  confolidatiori  bf  nev^r 
land-  vinder  the  waters  of  the  ocean,  and 
the  change  of  the  ftrata  now  forming  un- 
der water  to  future  dry  land,  is  a progref- 
five  work  of  nature,  which  always  did,  , 
and  always  will  go  on  in  a perpetual  (uc- 
cedion,  forming  world  after  world. 

■ » 

I.  The  fil'd:  of  thefe  propofitions  liaS 
been  fully  anfwered  and  refuted  before  it 
was  written,  at  lead  before  it  was  publilh- 
ed,  in  my  examination  of  the  fyfiem  of 
Count  Buffon  in  his  Theory  of  the  Earth; 
which  will  be  found  in  the  fecond  Volume 
of  my  Effays  upon  the  Mineral  Kingdoms, 
concerning  which,  I will  venture  to  fay^ 

V and  the  candid  intelligent  naturalift  will 
fay  with  me,  that  I have  not  left  the  Doc- 
tor fo  much  as  a particle  . of  earthy  mat- 
ter to  form  one  of  his  future  worlds,  for 
a fingle  particle  would  fave  the  whole  fuc- 
cefijon.  I have  now  effecluallv  cut  off 
all  his  fupplies,  and  appropriated  them  to 
a better  ufe  ; and  I hope  it  will  be  ac- 
knowledged, that  I have  made  a good  ufe 
of  them.  There  is  little  or  no  difference 
between -Count  Buffon  and  Dr  Hutton  in 
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this  part  of  their  feveral  theories ; and 
therefore,  what  I have  advanced  concern- 
ing BufFon’s,  is  equally  applicable  to  the 
X)o6lor’s. 

I have,  in  my  examination  of  Count 
BufiPon’s  Theory,  frankly  acknowledged 
the  truth  of  almofl  all  that  the  Count  and 
the  Do6lor  advance  about  the  weathering, 
decompofition,  and  wafle  of  the  fuperficies 
of  many  of  our  rocks  and  ftrata,  and  of 
our  mountains  and  cavernous  fhores. 

The  fpoils  of  the  mountains  are  carried 
down  by  land-floods  to  the  valleys  and  to 
the  borders  of  the  ocean.  So  far  we  go  to- 
gether ; but  here  we  muft  part,  as  I pofitive- 
ly  deny  that  any  ftrata  are  , formed  under 
the  waters  of  the  ocean.  I have,  in  that 
part  of  my  eflays,  made  it  evident  to  a de- 
monftration,  that  the  fea  purges  itfelf  by 
the  tides  of  all  the  earthy  matter  carried 
down  by  the  floods,  which  earthy  matter 
is  thrown  back  upon  the  fhores,  in  the 
bays  and  creeks,  and  at  the  mouths  of 
great  rivers,  where,  by  degrees,  it  en- 
larges the  bounds  of  the  dry  land  in  ex- 
a(ft  proportion  to  the  quantity  carried 
down  by  the  floods. 

It 
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In  that  part  of  my  eflays,  I have  clear- 
ly demonftrated,  that  the  earthy  matter 
wafhed  off  the  face  of  our  mountains  and 
rocks  has  no  manner  of  tendency  to  the 
real  wafte  and  deflrudlion  of  the  prefent 
earth  ; fo  far  from  it,  that,  on  the  contra- 
Tj,  the  habitable  parts  of  the  earth  are 
gradually,  but  really  and  effectually  reno- 
vated, enlarged,  and  improved  thereby. 
1 have  proved,  that  many  lakes,  marflies, 
and  frightful  gulphs  among  the  moun- 
tains and  in  the  plains,  have  been  'filled 
up  in  the  courfe  of  the  rivers  of  the  world, 
which  are  now  rich,  beautiful  and  habita- 
ble countries  ; that  many  millions  of  acres 
of  new  land  have  been  made  in  the  valleys 
and  plains,  at  the  mouths  of  the  rivers  in 
the  bays,  creeks,  and  fliores  of  the  ocean  ; 
and  that  very  many  and  extenfive  portions 
of  this  new  land  are  now  the  fat  valleys 
by  the  rivers,  which  are  the  fcenes  of  po- 
pulation, wealth,  and  focial  happinefs.  It 
is  upon  this  defcription  of  land  that  the 
highefl  number  of  the  great  commercial 
cities  of  the  world  are  feated,  fuch  as,  for 
inflance,  London,  Amflerdam,  Alexandria, 
and  many  of  the  cities  of  China,  &c.  which 
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liave  long  been  the  feats  of  learning  and 
the  arts,  of  commerce,  wealth,  and  glory. 

Whoever  will  take  the  trouble  to  periife 
my  effays,  will  be  convinced  and  fatisfied 
that  the  Deltas,  Belgias,  and  Carfes,  and 
other  defcriptions  of  new  land,  formed  and 
forming  in  all  parts  of  the  world,  fully 
and  perfe(!dly  correfpond  with  the  quantity 
of  matter  walked  off  the  mountains  and  ^ 
rocks,  and  they  will  there  fee  'it  clearly 
proved  that  all  this  is  a real,  a great,  a 
fubllantial,  and  a durable  improvement  of 
the  prefent  earth.  Man  cannot  live  upon 
the  fummits,  nor  high  up  the  lides  of  lofty 
mountains  ; but  the  frofts  and  thaws,  and 
other  changes  of  the  air  and  weather,  de- 
compofe  part  of  the  fuperlicies  of  the 
mountains,  which  is  carried  down  by  the 
floods  to  the  valleys  and  to  the  margin  of 
the  fea,  where  new  land  is  gradually  in- 
creafed,  which  enlarges  the  bounds  of  the 
earth  in  convenient  lituations  for  increafed 
population,  and  for  afl  the  improvements 
which  are  necelTary  for  increaflng  human 
and  focial  felicity  ; and  are  not  the  fpoils 
of  the  mountains  much  better  difpofed  of 
jn  this  way,  than  if  Ijpread  ont  at  random 
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through  the  bounds  of  the  ocean,  to  form 
imaginary  worlds  in  the  craniums  of  our 
modern  philofophers  ? 

But  this  ufe  which  the  wife  and  bene- 
volent providence  of  God  makes  of  the  fe- 
diment  of  rivers  in  the  ordinary  courfe  of 
things,  is  not  a well  fancied  hypothecs, 
propofed  for  the  amufement  or  confulion 
of  the  inquifitive  mind  of  man  ; but  it  is 
a real  and  vifible  fa(5l,  which  may  be  view- 
ed, examined,  and  thoroughly  inveftigated 
by  the  man  of  leifure  and  abilities  ; and  I 
am  perfuaded,  that  if  Dr  Hutton  will 
read  my  papers  upon  this  fubjeH,  he  will 
be  convinced  of  the  errors  of  his  hypo- 
thelis. 

Now,  it  being  clearly  demonllrated,  that 
no  ftrata  are  formed  in  the  bed,  or  under 
the  waters  of  the  ocean,  all  our  author’s 
invefligations  and  reafoning  upon  that  fub- 
jedl  of  courfe  fall  to  the  ground  ; and  I 
have  in  my  elfays  made  it  evident  to  a 
demonfiration,  that  if,  for  argument’s  fake, 
we  allow  the  particles  of  matter  carried 
down  by  the  rivers  to  be  fpread  out  over 
the  bounds  of  the  ocean,  and  to  fublide  in 
it,  we  Ihould,  in  that  event,  have  no  coal, 

no 
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no  limeftone,  freeftone,  nor  any  other  nfe- 
ful  foffil  body.  We  fhoiild  have  no  fuch 
thing  as  fhrata,  nor  bed,  nor  divifion  of 
any  kind  whatfoever,  but  all  would  be  one 
uniform  foiid  mafs  of  fediment,  compound- 
ed of  all  things.  It  is  in  vain  to  fay  it 
would  be  otherwife.  The  known  and  ac- 
knowledged laws  of  nature  forbid  it  ; and 
all  the  experience  we  have  of  fediment 
proves  the  fadl,  that  all  would  be  a blend- 
ed indiflinguifhable  mafs,  as  I have  fully 
Ihewn  in  my  elTays,  to  which  I refer  for 
clearing  up  the  point  under  conlideration. 
If  we  can  fuppofe  any  order  or  diflindlion 
in  fediment,  it  mull  agree  with  the  laws 
of  gravitation;  of  courfe  the  heavieft  parti- 
cles would  fubfide,  and  take  poffeffion  of 
the  lowed  place,  from  which  they  would 
not  be  diflodged  by  the  lighted.  But  we 
need  not  defcend  to  particulars.  Stratifi- 
cation mud  be  performed  by  a dial  low 
fpread  and  flow  of  water ; but  we  can- 
not allow  of  dratification,  nor  of  any  di- 
dindlion  of  drata  of  different  qualities  un- 
der the  bed  or  waters  of  the  oceaii,  without 
a miracle  for  each ; and  we  need  not  have 
recourfe  to  miracles,  when  the  phsenomena 
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of  nature  can  be  as  well ' and  better  ex- 
plained upon  rational  and  mechanical  prin- 
ciples, agreeable  to  the  known  laws  and 
viiible  operations  of  nature.  But  ‘I  will 
not  inhfl  upon  this  topic  here.  I have 
already  confuted  this  part  of  the  BufFonian 
theory,  and  the  Huttonian  differs  but  little 
from  it.  ‘ 

II.  The  fecond  thing  prop'ofed  to  our 
confideration  in  Dr  Hutton’s  Theory  is, 
the  confolidation-  of  our  rocks  and  flrata, 
while  flill  under  the  waters  of  the  ocean, 
by  the  heat  and  fufiom  of  fubterraneous 
fire.  Our  author’s  doctrine  of  fubterrane- 
ous fire,  and  its  effects  in  the  confolidation 
of  the  flrata,  by  means  of  fufion  beneath 
the  waters  of  the  ocean,  is  a Angular  hy- 
pothefis  ; but  it  is  not  altogether  new.— 
Woodward  and  others  hare  advanced  the 
notions  of  central  and  fubterraneous  fires  ; 
and  they  alfo  pretended  to  Jaccount  for 
many  of  the  phaenomena  of  nature  Trom 
, the  operations  or  effe<5lsio£-thefe  imagina- 
ry fires ; but  I do  not?  know  that  eany^  of 
them  before  our  author  .gave  thefe  ?fires 
the  office  of  melting  the  i earthy -mafs^  - in 
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order  to  cement  and  confolidate  our  itrata ; 
though  Ray  conjedlures,  that  mountains 
might  be  forced  up  by  earthquakes,  and 
by  the  flatus  of  volcanic  fire  ; but  none, 
that  I know  of,  before  the  Doc^lor,  have 
given  this  imaginary  central  fire  the  office 
of  melting  the  oozy  bed  of  the  ocean,  in 
order  to  reduce  it  by  fufion  into  folid 
rocks  and  flrata. 

Our  author’s  abilities  as  a nafuralift, 
and  his  chemical  knowledge,  enable  him 
to  produce  and  reafon  upon  many  feem- 
ing  fad;s  to'fupport  and  illuflrate  his  hy- 
pothefis  ; but,  unluckily  for  this  propofi- 
tion,  we  fee  in  little  the  very  fame  natural 
effedis  ‘ produced  before  our  eyes  without 
the  application  of  vifibleffire,  though  not 
without  the  influence  and  effeds  of  the 
elementary  atmofpherical  fire.  There  is 
no  room  to  doubt,  that  natural  chemiflry 
is  more  powerful,  extenfive,  and  various 
than  the  artificial.  It  is  difficult  to  limit 
the  powers  and  effeds  of  varioufly  com- 
bined niineral  liquors,  in  diffolving  part  of 
various  foffil  bodies  in  their  natural  fitua- 
tions,  in  the  bowels  of  the  earth.  One 
thing  we  are  fure  of,  that  various  terrene 

matters 


[ xxxlii  ] 


matters  are  in  a difTolved  or  fluid  flate^ 
mixed  with  the  waters  which  percollate  the 
pores  and  cranies  of  our  rocks  and  ftrata. 
As  an  undeniable  proof  of  this,  we  fee  nu-» 
merous  foflil  bodies  of  various  qualities 
and  degrees  of  hardnefs  formed  and  form- 
ing before  our  eyes,  which  are  as  well 
confolidated  and  cemented  as  if  they  had 
been  fufed  by  fire  upon  our  author’s  plan 
of  cementation  ; and  thefe,  not  in  fmall 
and  inconflderable  cryflallizations  and  flal- 
laclites,  but  we  fee  conflderably  large  cour- 
cretions  formed  by  a gradual  accretion  of 
matter  depoflted  by  -water.  In  fome  places, 
wc  fee  caverns  of  various  degrees  of  extent 
and  magnitude,  fome  of  which  are  almofl, 
and  others  altogether  filled  up  by  a fmall 
flow  of  water,  depofiting  particles  of  ftony 
matter  ; and  the  bodies  fo  formed  are  af- 
terwards confolidated,  in  the  courfe  of  no 
very  long  time,  to  degrees  of  flrength  and 
induration  equal  to  any  of  our  rocks  and 
ftrata.  Mines  recently  v/orked  are  in  ma- 
ny places  fo  quickly  choaked  up  by  the 
formation  of  various  concretions,'  that  we 
are  often  obliged  to  demolifli  them,  to  pre- 
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vent  their  flopping  up  the  pafTage  altoge- 
ther. 

I have  feen  fubterraneous  mines  or  gal- 
leries, which  were  workeH  by  my  direc- 
tion, fo  filled  Up  and  choaked  ; and  I can 
fhew  fome  others,  which,  if  negledled  for 
ten  or  a dozen  of  years,  would  be  choaked 
jip  fo  effedlually,  and  the  contents  would 
be  fo  confolidated,  that  it  would  require 
an  expence  to  open  them  up  again,  almoft 
if  not  fully  equal  to  the  firfl.  The  hifto- 
ry  or  natural  philofophy  of  flony  concre- 
tions is  already  explained  in  the  2d  Vol. 
of  my  ElTays,  and  need  not  be  ppeated 
here. 

. . We  find  in  many  places  various  kinds 
of  fpar,  of  fluor,  and  of  agate,  formed  and 
forming  by  water,  depofiting  particles  of 
different  qualities.  Some  of  the  bodies  fo 
formed  are  homogeneous,  and  fome  com- 
pounded. Some  of  thefe  concretions  af- 
fume  a fine  fmobth  uniform  texture ; 
others  exhibit,  when  broken,  a cubic  and 
a tabulated  flruclure  ; and  others  again 
have  a coarfe  and  homely  grain  in  the  in- 
iide.  In  fome  places,  the  quality  of  thefe 
concretions  is  calcareous,  in  others  filice- 
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ceotis,  and  in  many  plates  ferruginous  ; 
and  we  frequently  find  them  containing 
a mixture  of  particles  of  different  qua-^ 
lities.  Many  of  thefe  acquire  degrees  of 
ftrength  and  hardnefs  equal  to  any  of  our 
rocks  and  flrata ; and  therefore  we  may 
infer,  that  the  cementing  quality  is  either 
contained  in  the  mafs  of  matter  depofited 
by  the  water,' or  that  it  is  imparted  by  the 
influence  of  the  atmofphere.  I am  much 
inclined  to  believe  it  is  the  lafl,  and,  I am 
perfuaded,  that  the  elementary  fire  of  our 
atmofphere  infpiffates  a great  many  fluid 
fubftances  in  all  the  three  kingdoms  of 
nature  ; and  by  penetrating  their  maffes, 
and  being  detained  and  lodged  there, 
brings  them  gradually  to  various  degrees 
of  folidity,  ftrength,  and  hardnefs.  Now 
it  is  very  obfervable,  that  the  cementing 
matter  which  fills  up  the  pores  and  inter- 
ftices  of  our  rocks  and  ftrata, — which  con- 
nedls  their  feveral  parts,  and  promotes 
their  folidity,  ftrength,  and  induration, 
has  the  very  fame  appearance,  and  is  of 
the  very  fame  quality,  as  the  various  fof- 
fil  concretions  we  are  fpeaking  of ; but 
both  the  ftony  concretions  and  the  cemen- 
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ting  quality  of  the  ftrata  contain  a greater 
variety  and  mixture  of  ftony  matter  than 
we  can  eafily  enumerate  or  defcribe. 

From  thefe  obfervations  we  may  fafely 
infer,  that  thefe  various  fubftances  of  dif- 
ferent qualities  are  now  in  a diffolved  fluid 
ftate*  mixed  with  water.  The  various  con- 
cretions formed  by  water,  ifluing  into 
places  acceffible  to  the  external  air,  jufti- 
fies  the  inference,  and  proves  the  truth  of 
it  ; and  that  our  rocks  and  flrata  are  ce- 
mented and  confolidated  by  flmilar  fub- 
ftances, is  evident  to  our  fenfes  ; but  whe- 
ther the  cementing  matter  was  contained 
in,  and  blended  with  the  general  compo- 
fttion  when  the  ftrata  were  lirft  formed,  or 
was  afterwards  inflnuated  by  the  percol- 
lation  of  water,  through  the  pores  and 
cranies  of  the  ftrata,  I will  not  now  en- 
quire. Some  fmall  veins  and  mafles  of 
thefe  fubftances,  found  pure  in  our  rocks 
and  ftrata,  feem  to  favour  the  fuppoftti- 
on  of  the  ftrata  being  cemented  by  the 
infmuation  of  particles,  and  the  extra- 
ordinary induration  of  fome  of  our  exter- 
nal rocks  countenances  the  fame  idea;  and  I 
have  no  doubt,  that  the  elementary  fire  ha-s 
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a great  ftiare  in  producing  every  degree  of 
folidity  and  induration. 

Much  of  the  cementing  matter  of  our 
rocks  has  more  of  the  appearance  of  a jel- 
ly, v/hich  is  hardened  by  degrees  from  an 
aqueous  folution,  than  of  being  produced 
by  the  fufion  of  fire. 

Thefe  obfervations  and  fadls  make  it 
evident  to  a demonftration,  that  fufion  by 
fire  is  not  necelfary  for  th'e  cementing  and 
■ induration  of  our  rocks  and  ftrata.  We 
have  abundance  of  examples  in  little  of  a 
contrary  procefs  ; and,  in  truth,  the  com- 
ponent parts  of  fome  of  our  ftrata,  the  in- 
fiammable  quality  of  others,  and  every  fi- 
tuation  and  phenomena  of  the  ftrata  in  ge- 
neral, proves,  that  they  have  not  been  af- 
fe(51:ed  by  fire.  We  fee  evident  marks  of 
water  in  the  difpofition,  ftrudlure,  and 
form,  and  in  all  the  exterior  and  interior 
phsenomena  of  the  ftrata ; but  we  fee  no 
real  mark  or  charafler  of  fire,  excepting 
in  volcanoes,  which  are  accidental,  local, 
and  very  limited,  have  every  character 
of  being  accidental,  and  Only  produce  dif- 
order  and  confufion ; and,  moreover,  the 
origin  and  natural  hiftory  of  volcan'oes  is 
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pretty  well  known,  and  is  inveftig  ited  and 
explained  in  the  2d  Vol.  of  my  Effays. 

The  philofopher  or  naturalift,  who  can 
deliberately  embrace  the  idea  of  onr  real 
llrata  being  cemented  and  confolidated  by 
fulion  by  hre,'  either  under  or  out  of  the 
waters  of  the  ocean,  mufh  have  his  mind 
ftrangely  warped  by  attachment  to  fyftem. 
Such  a heat  as  would  melt  and  bring  the 
whole  folid  globe  to  a fiate  of  fuiion,  mufl: 
necelTarily  heat  the  whole  waters  of  the 
ocean  up  to  boiling,  and  the  boiling  heat  ■ 
of  the  waters  mull  continue  for  many  ages.  \ 
I fuppofe,  that  a folid  globe  of  the  magni- 
tude and  denlity  of  our  earth,  heated  to 
a ftate  of  fuiion,  would  require  many 
thoufand  years  to  cool  again  to  the 
temperature  of  our  earth , and  water ; of 
confequence,  the  waters  would  be  kept  in 
a boiling  ftate  the  mod:  of  the  time  : What 
then  would  become  of  all  the  tinny  and 
teftaceous  tribes  of  the  ocean  ? 

Neither  any  of  them,  nor  any  of  their 
fpermatic  powers  and  virtues  could  poffi- 
bly  live  in  fuch  a heat ; of  courfe,  they 
muft  be>  all  created  anew  after  each  of 
thefe  worlds  is  cooled.  The  terreftrial  : 
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tribes  miift  be  in  as  bad  a fituation  as  tbofe 
of  the  watery  element.  This  appears  to 
be  an  ank;w’'ard  hypothefis.  With  refped: 
to  the  fobd  part  of  the  globe  itfelf,  fuch  a 
fubterraneons  heat  as  would  efFe6lually  pe- 
netrate the  whole  mafs,  fo  as  to  bring 
every  pat  t to  a ftate  of  fufion,  inflead  of 
leaving  diftintSl:  and  regular  ftrata  of  vari- 
ous qualities,  thicknefs,  and  other  charac- 
ters, feparated  from  one  another,  as  we 
find  them,  the  whole  folid  globe  muft  be 
run  together  into  one  folid  flag,  which 
might  exhibit  many  cracks  and  fraclures 
after  cooling  ; but  they  would  all  be  the 
cracks  and  fractures  of  an  immenfe  mals 
of  glafs  or  flag.  There  could  be  no  hori- 
zontal divifions,  nor  marks  of  ftrata  of 
any  kind,  nor  could  we  have  any  coal,  nor 
any  ufeful  flone  or  fofTil  whatfoever. — 
Such  is  the  nature  of^  this  extraordinary 
hypothefis  ? 

We  have  the  mofl:  early  traditions  of 
cur  globe  fufiering  a great  cataftrophe  and 
change  by  water,  which  is  recorded  by 
Mofes,  and  by  many  other  eminent  ancient 
philofophers  ; and  Count  Bufibn,  Dr  Hut- 
ton, and  many  other  modern  naturalifts, 
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lee  and  acknowledge  the  marks  of  water 
in  all  parts  of  the  fuperficies  of  the  globe : , 
but  fuch  is  their  bias  to  the  fyf- 
tem  of  fire,  that  they  attempt  to  con- 
vert all  the  rocks  and  flrata  of  the  globe 
into  fo  many  lavas  of  different  colours  and 
flruclures  ; and  in  order  to  countenance 
and  alTifl  their  favourite'agent,  with  all  the 
powers  of  a heated  unguarded  imagina- 
tion, one  goes  up  to  the  fource  of  all  fire, 
in  order  to  have  the  folid  parts  of  our 
globe  melted  down  in  the  fun  ; another 
goes  down  to  the  fiibterraneous  regions,  ' 
and  blows  up  his  fire  there  to  a fufficient 
degree  of  heat  to  melt  all  the  fuperincum- 
bent  rocks  and  flrata  to  the  degree  of  fu- 
lion,  even  when  immerfed  under  the  wa- 
ters of' the  ocean,  which  is,  I think,  a new  | 
method  of  fufing  earthy  matter  by  fire, — 
Others  again  are  content  to  honour  this 
agent  with  the  formation  of  fome  few  of 
our  flrata,  fuch  as  the  bafaltes,  and  a few  ‘ 
others  of  nearly  a fimilar  appearance  ; but  ; 
after  all  that  they  have  advanced,  or  can 
advance  to  countenance  this  hypothefis, 
it  is  certain  that  none  of  the  rocks  and 
flrata,  which  are  a part  of  the  folid  fuper- 
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ficles  of  our  globe,  exhibit  any  of  the  real 
marks  and  chara61ers  of  being  formed  by 
hre. 

The  quality,  component  parts,  interior 
flrudlure,  and  appearance  of  our  rocks  and 
flrata,  are  very  difiinguilhable  from  dags 
or  lava.  Dr  Hutton  acknowledges  this  in 
the  66th  page  of  Kis  Theory  of  the  Earth, 
where  he  fays,  that  “ a fuhble  fubliance, 
‘ or  mineral  compohtion  in  a fluid  flate, 
‘ is  emitted  from  thofe  places  of  the  earth, 
‘ at  which  fub terraneous  Are  and  expan- 
‘ live  force  are  manifefled  in  thofe  erup- 
^ tive  operations.  In  examining  thefe 
‘ emitted  bodies,  men  of  fcience  find  a 
‘ charaHer  for  fuch  produdiions  iii  gene- 
‘ ralizing  the  fubfliance,  and  underhand 
‘ the  natural  conflitution  of  thofe  bodies. 
^ It  is  in  this  manner  that  filch  a perfon 
^ finding  a piece  of  lava  in  any  plac  of 
‘ the  earth,  fays  with  certaintyj  Elere  is  a 
‘ Ilone  which  had  congealed  from  a melted 
‘ flate.”  This  palTage  is  abundantly  di- 
ilind:,  and  I will  fay  farther,  that  it  is  ge- 
nerally very  eafy  for  every  unprejudiced 
naturalift  to  diflinguifli  a real  Ilone  from 
a piece  of  flag  or  lava.  The  bafaltes  is  a 
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real  Hone,  which  all  modern  philofophers 
have  fet  down  as  belonging  to  the  clafs 
of  lavas  ; but  I have  made  it  evident  in 
my  eflays,  that  the  bafaltes  is  a real  ftone, 
the  component  parts  of  which  I have 
pointed  out ; and  I have  made  it  appear, 
that  there  arc  in  feveral  places  many  and 
extenlive  ilrata  of  this  ftone,  which  are 
difpofed  in  their  ftadons  among  other 
ftrata  of  different  charadlers  and  qualities, 
which  are  placed  above  and  below  the  fe- 
veral ftrata  of  bafaltes,  and  thefe  flrata  of 
bafaltes  fpread  out  as  wide,  and  flretch  as 
far  every  way  as  the  other  different  ftrata 
among  which  they  are  ranged  ; and  there- 
fore, no  man,  who  underftands  the  real 
ftrucfture  of  the  fuperficies  of  our  globe, 
will  pretend  to  fay  that  bafaltes  is  a lava, 
unlefs  he  fays  that  all  the  other  ftrata  which 
accompany  bafaltes  are  alfo  lava.  Where 
ftrata  of  bafaltine  rocks  are  blended  promif- 
cuoufly  among  ftrata  of  different  rocks,  it  is 
neceffary  either  to  call  them  all  ftrata  of  lava  ^ 
or  ftrata  of  ftone.  Dr  Hutton  indeed  talks  in 
his  Theory  of  inferring  a lava,  viz.  bafaltes, 
among  other  ftrata  of  different  qualities  ; 
but  I would  aff  the  Docftor  how  he  is  to  lift 
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up  the  fiiperincumbent  ftrata  to  a fufEcient 
and  equal  height  from  the  ftrata  below 
them,  for  many  miles  extent  every  way, 
and  to  keep  them  afunder,  until,  fuch  a 
quantity  of  melted  lava  is  poured  in  as 
will  fill  up  all  the  extenfive  empty  fpace  to 
form  the  new  inferred  ftratum,  I am 
fpeaking  of  regular  and  extended  ftrata, 
which  belongs  to  the  natural  hiftory  of 
bafaltes,  and  I can  flrew  Dr  Hutton  a con- 
fiderable  number  of  ftrata  of  bafaltes, 
blended  ftratum  fuper  ftratum,  among 
other  various  ftrata  of  different  cha- 
radlers  and  qualities,  among  which  are 
a confiderable  number  of  ftrata  of  pit 
coal ; and  fome  of  thefe  coals  are  in  im- 
mediate contad;  with  ftrata  of  bafaltes, 
as  the  immediate  roof  and  pavement 
of  the  coals  ; and  I can  fliew  him  all ' 
thefe  feveral  ftrata,  with  their  concomitant 
ftrata,  in  a ftretch  of  many  miles  ; and  I 
can  ftiew  fimilar  phsenomena  in  Weft  Lo- 
thian, in  Ayrftitre,  and  in  Fife,  Sco.  ; and, 
therefore,  it  is  difficult  to  believe  that  ba- 
faltes is  lava,  unlefs  we  alfo  believe  that 

feams  of  coal,  and  all  their  concomitant 

« 

ftrata. 


[ xliy  ] 


i 


ftrata,  likewife  are  lava,  which  founds  very 
^ike  an  abfurdity. 

It  appears  to  me  rational,  and  even  ne- 
ceflary  to  fuppofe,  that  if  the  ftrata  were 
confolidated  and  cemented  by  the  heat 
and  fufion  of  fubterranepus  fire,  all  the  . 
ftrata,  which  have  a tendency  to,  and  may 
eafily  be  hardened  by  fire,  would  be  found 
in  an  indurated  ftate  ; but  this  in  fad:  is 
not  the  cafe, — fo  far  from  it,  that  it  is  well ' 
known  to  every  perfon  who  takes  the 
lead  notice  of  thefe  things,  that  we  find  in 
all  countries  grea^;  numbers  of  tilly  and 
argillaceous  ftrata,  fo  very  foft,  that  they 
differ  little  from  a mere  fediment,  frorn 
which  the  water  has  been  preffed  out,  and 
which  decompofes  and  falls  to  a mere  fe- 
diment or  clay,  almoft  immediately  upon 
being  expofed  to  the  external  air  : And  it  is 
remarkable,  that  thefe  foft  argillaceous 
ftrata  are  commonly  fituated  immediately 
above  and  below  very  hard  ftrata  of  in- 
durated ftone,  upon  which  the  external 
air  has  no  fudden  vifible  effect.  How 
ftiall  we  account  for  this  fad  upon  this 
hypothefis  ? It  cannot  be  pretended,  that 
thefe  foft  ftrata  contain  any  marks  or  cha- 
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r^l,(5lers  of  being  confolidated  by  the  heat 
and  fiifion  of  fire  ; for  they  are  not  con^ 
folidated  nor  cemented  at  aU,  but  only 
comprefled  by  the  fuperincumbent  weight 
of  flrata ; nor  can  it  be  pretended,  that 
they  are  not  capable  of  being  hardened  by 
fire.  In  fadl,  we  know  the  contrary  by 
experience,  as^they  are  every  day  hardened 
in  onr  open  fires,  and  in  proper  kilns,  for 
various  purpofes,  and  to  various  degrees  of 
folidity  and  induration.  If  fubterraneous 
fire  had  produced  the  folidity  of  our  rocks, 
thefe  foft  fubftances  would  have  been  in- 
durated, as  well  as  their  concomitant  flra- 
ta. But  thefe  foft  flrata  are  a proof,  that 
our  rocks  are  cemented  by  a terrene,  fparry, 
and  filiceous  fluid,  which  is,  by  'degrees, 
infpifl'ated  and  hardened  by  the  preffing 
out  or  evaporation  of  fuperfluous  moiflure  ; 
.and  they  alfo  prove,  that  thefe  argillace- 
ous flrata  can  only  be  confolidated  and  ce- 
mented by  fire,  which  has  not  been  applied 
to  them.  We  can  only  fele6l  a few  fa(5ls 
which  oppofe  this  fyflem.  The  inftances 
to  be  found  in  the  book  of  nature  are 
cndlefs. 
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III.  The  third  propofition  which  we 
are  to  conhder  in  our  author’s  Theory  of 
the  Earth,  viz.  That  the  rocks  and  ftrata, 
which  were  formed  and  confolidated  be- 
neath the  waters  of  the  oce^n  by  fubterra-  i 
neous  fire,  were  afterwards  inflated  and 
forced  up  from  under  water,  by  the  expan- 
five  force  of  the  fame  fubterraneous  fire,  to  j 
the  height  of  our  habitable  earth,  and  of  j 
all  the  mountains  upon  the  face  of  the  - 
globe,  is  anthypothefis  as  fingular  and  ex^ 
traordinary  as  the  confolidation  of  ftrata 
beneath  the  waters  of  the  ocean  by  the  ; 
heat  and  fufion  of  fire.  Moft  of  the  ope-  1 
rations  and  effedls  of  fubterraneous  fire,  ’i 
that  we  have  any  knowledge  of,  are  out- 
rageoufly  violent  and  deftruclive,  and  only 
produce  diforder  and  ruin.  If  the  bed  of 
the  ocean  was  really  to  be  forced  up  by  ^ 
fubterraneous  fire  to  the  height  of  our 
mountains,  we  might  expe6l  to  find  as  ^ 
great  confufion  and  diforder,  and  marks  of  : 
the  ruins  of  a world,  among  Dr  Hutton’s  ! 
mountains  as  among  Dr  Burnet’s  ; but  I ; 
have  fhewed,  in  my  Natural  Eliftory  of 
Mountains,  that  the  ftrata  of  our  real  s 
mountains  are  as  regular  as  in  any  of  the 

plains.  1 
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plains.  In  truth,  I have  not  feen  fuch  re- 
gularity of  the  ftrata  any  where  elfe  as 
among  the  highland  mountains  of  Locha- 
ber,  which  are  the  higheft  in  Britain. — 
The  local  examples,  which  I have  pointed 
out  there,  will  evince  the  truth  of  this  af- 
fertion  to  any  who  wifh  to  afcertain  the 
fadl. 

Our  author  lays  great  ftrefs  upon  the 

phaenomena  of  mineral  veins,  and  of  the 

ores  and  other  fublfances  found  in  them, 

? \ 

to  fupport  and  confirm  his  fiery  fyftem ; 
but,  in  truth,  every  appearance  of  mineral 
Veins,  and  of  their  contents,  point  to 
water  with  a diflindl  and  legible  index,  as 
the  chief  agent  in  their  formation,  &c. 
which  fubjedl  I have  inveftigated  and  ex- 
plained in  my  Natural  Hiflory  of  the  Mi- 
neral Kingdom. 

Upon  the  fuppofition  of  our  author’s 
Theory  of  Mineral  Veins  being  true,  all 
our  veins  fhould  be  wide  above,  and  nar- 
rower below,  which  is  not  found  true  in 
experience,  very  many  of  them  being  ex- 
ceeding ftrait  and  .narrow  for  many  fa- 
thoms next  the  furface,  which  are  very 
wide  further  down ; and  if  this  Theory 

was 
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was  true,  every  fubflance  found  in  tliefe  ' 
veins  fhould  be  the  hardell  in  all  the 
bowels  of  the  earth,  becaufe  the  force  and 
violence  of  the  fubterraneoiis  fire  would  ^ 
have  a much  freer  pafiage  through  thefe 
open  fifliires,  than  through  fblid  unbrokeii 
firata  of  feveral  thoufahd  miles  of  thick- 
nefs  ; but  this„  in  truth,  is  not  the  cafe, 
the  ihfide  of  many  of  our  mineral  veins 
being  exceeding  foft  and  argillaceous. — 
Again,  up’on  the  fuppdfition  of  the  con-  : 
tents  of  our  mineral  veins  being  formed 
by  metallic  fleams,  forced  up  froiii  below 
by  the  influence  of  fubterraneous  fire,  our 
mineral  ores  fliould  be  all  pure  and  un- 
mixed with  earthy  or  flony  matter,  which 
is  not  fo  ; and  moreover,  upon  this  hypo- 
thefis,  no  metallic  or  mineral  ore  would  1 

be  found  out  of  the  cavities  of  mineral 
veins  ; but  neither  is  this  the  cafe  ; on  the 
contrary,  every  mineralifl  knows  very  well, 
that  gold,  filver,  copper,  tin,  lead,  iron,  &c. 
are  commonly  found,  in  a difperfed  flate,  I 
in  large  and  fmaller  grains,  flowers  and  j 
maffes,  throughout  the  body  of  many  of  j 
our  rocks  and  ftrata,  intimately  mingled  j 
with  their  compofition  as  one  of  the  com-  j 

ponent  ‘ j 
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ponent  parts  of  fucli  rocks  and'flrata - 

Gold  is  generally  found  in  grains  of  vari-. 
ous  lizes,  mixed  in ‘the  compofition  of  ma- 
ny rocks  and  ftrata,  and  the  origin  of 
gold-dull  is  from  the  decompolition.of  the 
fuperficies  of  thefe  rocks,  which  is  wallied 
down  by  the  floods,  and  depoflted  in  the 
beds  of  rivers.  Iron  is  blended  in  great 
quantity  in  the  compofition  of  moll  of  our 
rocks,  and  fo  abundantly  in  fome  of  them, 
as  to  be  'worth  finelting  out  for  ufe  ; and, 
moreover,  we  have  in  many  places  great 
numbers  of  whole  flrata  of  iron  Hone  fo 
rich  as  to  be  equal,  if  not  to  exceed,  the 
beif  of  our  iron  ores  in  the  produce  of  the 
furnace.  In  working  downwards,  many 
of  our  mineral  veins  are  cut  out,  and  fail 
at  various  depths,  by  a different  flratum 
coming  in  below,  which  the  vein  does  not 
penetrate.  The  rich  vein  of  lead  at  Llan-? 
gunog,  in  Montgomerylhire,  which  was 
five  yards  wide  of  folid  ore,  was  Cut  off 
below  in  this  manner : 

A bed  of  fchiftus  came  in  at  a certain 
depth  below,  which  cut  out  both  the  ore 
and  the  vein  fo  entirely,  that  no  veftige  of 
either  entered  the  fchillus,  or  could  ever 
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after  be  found.  Extenfive  trials  were  made 
on  all  hands  to  no  purpofe,  as  neither  vein 
nor  ore  ever  appeared.  Thefe  circum- 
ftances  do  not  agree  with  the  idea  of  our 
ores  being  formed  by  mineral  fteams,  for- 
ced up  by  fiibterraneous  fires  j and,  there- 
fore, we  muft  acknowledge,  that  the  fub- 
ftances  of  which  our  ores  have  been  form- 
ed were  poured  into  our  veins  by  water 
from  above,  as  well  as  the  various  fpars 
and  all  the  contents  of  mineral  veins. — 
There  is  a curious  and  furprifing  mixture 
of  many  different  fubftances  in  feveral  mi- 
neral veins.  In  fome  of  them,  we  find 
lead,  copper,  filver,  and  feveral  other  me-, 
tallic  and  femi-metallic  ores  ; and,  in  the 
fame  vein,  we  find  calcareous  and  filiceous 
fpar,  with  a variety  of  other  ftones  and 
mineral  matters  of  various  colours,  quali- 
ties, and  degrees  of  hardnefs  ; and  we  fre- 
quently find  many  of  thefe,  and  fometimes 
all  of  them,  blended  together  in  the  conca- 
vity of  the  fame  vein.  Every  phaenomenon 
of  thefe  different  ores  and  different  ftones 

f* 

proves  to  ocular  demonftration,  that  'all 
the  different  fubftances  in  the  compofition 
were  poured  in  from  above,  and  mixed 

together 
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together  rwhile  in  a humid  or  fluid  ftate, 
and  that  they  were  afterwards  confolidat- 
ed  together  into  fuch  compound  malfes  as 
we  find  them. 

IV.  The  fourth  propofition  offered  to 
our  confideration,  in  our  author’s  Theory 
of  the  Earth,  is  alfo  pretty  Angular,  which 
is,  that  thefe  operations  of  nature,  viz.  the 
decay  and  wafte  of  the  old  land,  the  form- 
ing and  confolidation  of  new  land  under 
the  waters  of  the  ocean,  and  the  change  of 
the  ftrata  now  forming  under  water  into 
future  dry  land,  is  a progreflive  work  of 
nature,  which  always  did,  and  always  will 
go  on,  forming  world  after  world  in  per- 
petual fucceflion. 

This  hypothefis  agrees  pretty  nearly  with 
Count  Buffon’s,  only  that  the  Count  brings 
about  his  fucceflive  changes  by  a watery 
procefs,  without  the  agency  of  fire,  after 
having  the  original  matter  of  the  whole 
globe  once  thoroughly  vitrified  in  the  fun. 
Both  the  Count  and  our  author  ftrenuoufly 
infill  upon  the  wafte  of  the  fuperficies  of 
the  mountains,  and  of  the  rocky  fhores  of 
the  ocean,  by  the  force  of  the  tides  and 

ftorms^ 
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llK)rms,  as  an  infallible  proof  of  the  gra- 
dual deftru(5lion  of  the  exifting  dry  land, 
and  they  both  infer  from  hence  the  fuc- 
cellive  changes  of  habitable  worlds  as  a 
necelTary  confequence.  I have  in  my  Ef- 
fays  fully  invCftigated  and  explained  thefe 
matters.  I have  pointed  out  the  utmoft  extent 
of  the  wafle  of  the  mountains  ; and  I have 
acknowledged,  that  the  weight  of  mighty 
waves,  propelled  by  the  tides  and  flormy 
winds,  have  powerful  effedls  in  undermin- 
ing and  wafting  the  rocky  fhores ; but 
then  I have  made  it  evident,  that  this  wafte 
and  deftru6lion  only  advance  to  a certain 
length  and  degree^  where  it  ftops ; and  I have 
drawn  the  linCj  and  pointed  out  the  depre- 
dations of  the  waves  with  fome  exadlnefs  ; 
and  have  made  it  evident  to  our  fenfes, 
that  hitherto  they  come,  but  no  farther. 

In  fome  places,  the  fands  are  interpofed 
to  defend  the  rocks,  and  the  very  flow  di- 
minution of  the  fands  by  attrition  is 
abundantly  made  up  by  frefli  fupplies  fur- 
nilhed  by  the  rivers.  In  other  places,  the 
rocks  are  covered  by  a flielly  incruftation, 
the  work  of  fmall  teftaccous  tribes,  which 
perfedly  defends  thefe  rocks  againft  any 

injury 
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injury  from  the  waves.  We  may  fuppofe, 
that  all  or  moft  of  our  maritime  coafts  were 
at  firft  expofed  to  the  ravages  of  the  ocean. 
At  prefent,  the  greateft  part  is  defended 
by  the  fands  and  teftaceous  incruftations  ; 
and  it  is  rational  to  fuppofe,  that,  in  the 
courfe  of  time,  all  the  ihores  of  the  ocean 
will  be  perfe^dy  defended  by  thefe  means. 
With  refpe(51;  to  the  real  encroachments 
which  the  fea  has  hitherto  made,  or  may 
hereafter  make,  upon  the  land,  I think  we 
may  fafely  conclude,  that  a million  of 
acres  of  new  land  have  been  made  from 
the  fediment  of  .the  rivers  for  every  fingle 
acre  of  the  rocky  Ihores  that  has  been 
wafted  by  the  waves  of  the  fea. 

This  is  no  fuppofition  ; it  is  a fadl 
abundantly  evident  to  our  fenfes  ; and  it 
is  a fort  of  retrograde  operation  towards 
the  fucceflive  change  of  worlds  contended 
for  by  our  philofophers. 

Dr  Hutton  inveftigates  a conftderable 
number  of  foftil  bodies,  and  explains  their 
phaenomena  to  countenance  his  own  hy- 
pothefis.  It  would  extend  this  Preface  to 
too  great  length,  were  I to  examine 
what  he  has  advanced  upon  them  all. 

At 
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At  prelent,  I will  only  take  notice  of  the 

teftaceous  tribes  of  the  ocean.  He  tells 

/ 

us,  that  thefe  exuviae,  being  found  in  the 
body  and  compolition  of  our  rocks  and 
ftrata,  is  a clear  proof,  that  thofe  ftrata 
were  formed  by  water,  which  is  fo  far 
true.  I alfo  aflert,  that  thefe  exuviae,  and 
' all  the  other  remains  of  plants  and  animals 
found  in  the  body  and  compolition  of  our 
llrata,  is  a decilive  proof  that  the  ftrata  i 
were  formed  by  the  agency  of  water;  at  the  ] 
fame  time,  I politively  deny,  that  our  lira-  | 
ta  were  formed  beneath  the  waters  of  the 
ocean.  The  natural  hiftory  of  the  forma- 
tion of  our  ftrata  is  fully  explained  in  the 
fecond  Volume  of  my  Eflays  upon  rational 
and  mechanical  principles,  to  which  I re- 
fer for  fatisfadlion  on  this  topic.  In  my 
opinion,  our  author’s  philofophy  is  not 
more  exceptionable  in  any  part  of  his 
Theory  than  in  treating  of  marine  tefta- 
ceous animals,  as  he  makes  thefe  in  effedl 
to  be  very  extenlive  creators  of  mattetj 
which  is  exalting  them  much  too  high  in  i 
our  fyftem  of  things.  The  Dodlor  fays, 
that  one  fourth  part  of  the  folid  bulk  of.  \ 
our  globe  is  compofed  of  limeftone,  marble,  \ 

and  \ 
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^iiid  other  calcareous  matter,  v/hich  I thinl; 
is  giving  it  too  great  a proportion.  My  ge-. 
neral  obfervations  have  been  pretty  exten- 
five  ; and,  as  far  as  I can  judge,  all  our 
limeftones,  marbles,  chalk-flone,  and  clay- 
marl,  which  is  foft  limellone,  and  all 
other  calcareous  fofhl  fubftances,  may  a- 
mount  to  about  a feventh  or  eighth  part  of 
the  folid  bulk  of  the  fuperficies  of  the 
globe,  which  is  a great  deal  indeed,  Now 
our  author  aflerts,  in  plain  terms,  and  in 
feveral  parts  of  his  Theory,  that  this  im- 
menfe  bulk  of  folid  calcareous  foffil  matter 
was  all  of  it  produced  from  the  remains  of 
the  teftaceous  tribes  of  the  ocean.  In  my 
opinion,  the  propofition  may  be  reverfed; 
and  we  may  with  more  truth  aifert,  that 
the  calcareous  matter  produced  them,  than 
that  they  produced  it.  Snail-fhells  are 
found  in  great  numbers  near  old  ftone 
and  lime  walls  ; yet  we  never  imagine, 
that  thefe  walls  were  produced  by  fnails. 
It  is  almoft  evident  to  our  fenfes,  that  thefe 
animals  find  the  calcareous  matter  in  a 
fluid  ftate  mixed  in  the  waters  of  th^ 
ocean  and  the  land,  which  they  collecfl  and 
ufe  to  make  fhells,  coral,  &c.  To  fay  that 
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tKey  produce  tills  matter,  is  much  the 
fame  as  to  fay  that  they  create  it.  Matter 
is  only  changed  from  one  form  of  exiftence 
to  another  in  the  reprodu(5tion  and  growth 
of  animal  and  vegetable  bodies,  but  they, 
really  produce  no  part  of  matter  that  did 
not  exill  before  in  another  form.  I grant, 
that  the  exuviae  of  teftaceous  animals  are 
- found  in  great  abundance  in  many  of  our 
limelfones  and  marbles,  but  not  in  all  of 
^ them.  There  are  very  extenfive  rocks  and 
ftrata  of  the  mountain-limeflones,  and 
marbles  of  various  colours,  texture,  and 
degrees  of  hardnefs,  in  which  not  the  leaf: 
particle  of  fliell  or  coral  is  to  be  found. 

Thefe  fliells  are  alfo  found  in  feveraT 
other  ftrata  befides  the  calcareous,  all 
which  only  proves,  that  thefe  marine  exu- 
viae were  blended  in  the  mafs  of  chaotic 
matter  when  thefe  feveral  ftrata  were  form- 
ed ; but  to  fay  that  thefe  animals  can  pro- 
duce any  particle  of  matter,  is  not  good 
philofophy.  We  know,  that  calcareous 
matter  certainly  exifts  in  a dilfolved  fluid 
ftate,  mixed  in  abundance  with  the  waters 
of  the  ocean,  which  is  feparated  from  the 
water  in  confiderable  quantity,  in  the  com- 
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mon  procefs  of  making  fait  of  fea  brine. 
How  the  teftaceons  tribes  make  nfe  of  it 
in  making  fliells  and  corals,  is  too  nice 
a procefs  for  my  inveftigation.  Shells  and 
corals  could  not  exift,  as  we  find  them  in 
the  body  of  the  rocks  and  flrata,  upon  the 
fuppofition  of  thefe  rocks  being  confolidat- 
ed  by  the  heat  and  fufion  of  fire,  becaufe 
a fmaller  degree  of  heat  than  is  fufficient 
to  bring  our  rocks  to  a ftate  of  fufion, 
would  calcine  all  the  fhells  and  corals,  with 
the  limeflones  to  boot ; and  when  once 
they  are  calcined,  they  are  no  more  fhells, 
&:c.  but  quick  lime,  to  which  they  would 
fall  with  the  leafl  humidity ; and  the  whole 
bowels  of  the  earth,  as  far  as  we  penetrate, 
is  full  of  humidity. 

In  fliort,  few  of  our  author’^  conclu- 
fions  are  defenfible,  and  no  wonder,  when 
he  warps  and  flrains  every  thing  to  fup- 
port  an  unaccountable  fyflem,  viz.  the 
eternity  of  the  world ; which  ftrange  no- 
tion is  the  fartheft  of  all  from  being  de- 
fenfible. All  parts  of  nature,  the  minute 
as  well  as  the  grand  and  magnificent,  pro- 
claim aloud,  and  point  out  in  legible  cha- 
radlers  the  infinite  power  and  fkill  of  thg 
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all-wife  and  benevolent  Creator  and  Prefer- 
ver  of  the  univerfe.  The  Supreme  Being 
hath  highly  favoured  us  with  an  exalted 
ftation,  and  hath  given  us  the  image  of 
his  own  attributes.  We  daily  enjoy  the 
fruits  of  his  care  and  benevolence,  and  we 
feel  the  effecls  of  his  goodnefs,  whether 
we  advert  to  and  acknowledge  it  or  not. 
The  imprelTions  of  divinity  are  legibly 
ilamped  on  all  the  works  of  God ; and 
when  we  clearly  behold  the  characflers  of 
ineffable  wifdom  in  the  great  plan  of  cre- 
ation,— of  infinite  Jfkill  and  intelligence  in 
the  contrivance,  difpofition,  and  fine  fa- 
bric of  all  the  parts  of  nature, — of  almigh- 
ty power  in  producing  all  things  and  up- 
holding them, — and  of  exuberant  and  un- 
bounded goodnefs  in  communicating  good 
to  all  animated  nature,  we  then  have  exal- 
ted ideas  of  the  Supreme  Being  ; and  if  we 
reflefl  upon  our  own  diftinguiflied  rank 
and  fituation  in  the  fcale  of  beings,  and  of 
our  privileges  and  powers  of  acquiring 
knowledge  and  promoting  mutual  and  fo- 
cial  happinefs,  our  hearts  will  exult  in  the 
difplay  of  the  glory  of  the  Creator  in 
, his  works  ; and  if  we  believe^  that  the 
: Creator 
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Creator  and  Governor  of  the  world  pro- 
te(5ts  and  cares  for  us,  our  hearts  will  over- 
flow with  grateful  love  of  the  Deity  ; we 
fliall  then  rejoice  in  his  works  and  in  his 
goodnefs. 

But  fceptical  notions  have  a pernicious 
influence  in  damping  the  facred  fire  in 
our  hearts,  in  cooling  the  ardour  of  our 
fpirits,  and  in  blotting  out  the  native  iin- 
preflions  of  the  Deity  fhamped  on  our 
hearts.  The  wild  and  unnatural  notion 
of  the  eternity  of  the  world  leads  firft  to 
fcepticifm,and  at  lafl  to  downright  infidelity 
and  atheifm.  If  once  we  entertain  a firm 
perfuafion  that  hhe  world  is  eternal,  and 
can  go  on  of  itfelf  in  the  reprodu6lion  and 
progreflive  vicifhtude  of  ’ things,  we  may 
then  fuppofe  that  there  is  no  ufe  for  the 
interpofition  of  a governing  power ; and 
becaufe  we  do  not  fee  the  Supreme  Being 
with  our  bodily  eyes,  we  depofe  the  al- 
mighty Creator  and  Governor  of  the  uni- 
verfe  from  his  oflice,  and  inftead  of  divine 
providence,  we  commit  the  care  of  all 
things  to  blind  chance.  Like  a mob, 
who  think  they  can  do  well  enough  with- 
out 
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dlit  legal  reftraints,  depofe  and  flay  theif 
Magiftrates.  But  this  is  rebellion  againfl: 
lawful  authority,  which  muft  foon  end  in 
anarchy,  confufion,  and  mifery,  and  fo  does 
our  intellediual  rebellion.  How  degrad- 
ing is  infidelity ! how  miferable  muft  a 
thinking  man  be  in  diftrefs,  who  does 
not  believe  that  there  is  at  the  head  of  the 
creation,  a good,  intelligent,  and  powerful 
being,  who  cares  for  his  welfare  through 
all  the  ftages  of  exiftence  ! 

That  Dr  Hutton  aims'  at  eftablilhing 
the  belief  of  the  eternity  of  the  world,  is 
evident  from  the  whole  drift  of  his  fyftem, 
and  from  his  own  words,  for  he  concludes 
his  fingular  theory  with  thefe  Angular  ex- 
preffions  : “ Having,  in  the  natural  hiftory 
‘ of  the  earth,  feen  a fucceflion  of  worlds, 
‘ we  may  from  this  conclude,  that  there 
* is  a fyftem  in  nature,  in  like  manner 
‘ as,  from  feeing  the  revolutions  of  the 
‘ planets,  it  is  concluded,  that  there  is  a 
‘ fyftem  by  which  they  are  intended  to 
‘ continue  thofe  revolutions.  But  if  the 
‘ fucceffion  of  worlds  is  eftablifhed  in  the 
‘ fyftem  of  nature,  it  is  in  vain  to  look 
‘ for  any  thing  higher  in  the  origin  of  the 
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* earth'.  The  refult,  therefore,  of  our  pre- 
‘ fent  enquiry  is,  that  we  find  no  vefligc 

* of  a beginningi — ^no  profpedl  of  a'n 

* end.” 

Thus,  our  modern  philofophers  labour 
hard  to  confirm  their  favourite  fcepticifm, 
&c.  by  all  poffible  means  ; or,*  in  other 
words,  they  labour  hard  to  rob  us  of  our 
bed:  inheritance,  both  here  and  hereafter, 
— to  fap  the  foundations  of  our  belief  in 
revelation,  and  of  the  fuperintending  care 
and  love,  and  of  the  over-ruling  providence 
of  the  all-benevolent,  all-powerful  God, 
our  Saviour,  who  cares  for  us,  and' up- 
holds us  through  all  the  ftages  of  our  exif- 
tence, — and  like  a6lual  robbers,  thefe 
philofophers  give  "^s  nothing  in  exchange 
for  our  natural  inheritance.  If  they  fay 
that  we  are  poor  miftaken  ignorants,  and 
that  they  wifh  to  convince  us  of  our  er- 
ror,— this  is  worfe  than  nothing.  If  we 
err  in  charity,  let  us  live  and  die  in  this 
error.  It  is  more  happy  to  live  in  a full 
perfuafion, — in  a feeling  fenfe  of  the  love 
of  God  and  man,  while  here,  and  in  the 
confident  hope  of  eternal  felicity  hereafter, 
than  to  fuppofe  tJiat  there  is  no  fuch 
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tiling, — that  thefe  divine  faculties  and  pro- 
penfities  of  our  fouls  which  make  us  ca- 
pable of  loving  God  and  man, — of  admir- 
ing God  in  his  works,  and  of  ranging 
thro’  his  creation  with  fublime  delight, — 
fhall  perifh  for  ever,  and  fink  into  the  hor- 
rible gulph  of  non-entity. — Let  us  turn  our 
eyes  from  the  horrid  abyfs,  and  ftretch 
out  our  hands,  and  cry.  Save,  Lord,  or  we 
perifli ! 
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PART  I. 


The  Natural  Hiftory  of  the 
Strata  of  Coal,  and  of  the 
concomitant  Strata. 


SEAM  or  bed  of  coal  is  a real  .ftratum. 


which  is  found  to  be  fully  as  regular  as 
any  of  thofe  other  concomitant  ftrata  found  in 
the  coal  field,  lying  above  and  below  the  coal, 
or  indeed  of  any  other  of  the  various  ^ ilrata 
which  compofe  the  fuperficies  of  pur  globe. 

There  are  in  many  coal  countries,  and  in  ma- 
ny coal  fields,  a confiderable  number  of  ftrata  or 
beds  of  coal,  of  various  qualities  and  thicknefs, 
placed  Jlraium  fuper  Jiratum,  with  a great  variety 
of  other  ftrata  interpofed  between  them;  and 
fometimes  different  ftrata  or  feams  of  coal  are  fp 
near  to  one  another,  that  two,  three,  or  more  of 
them  are  cut  through  and  worked  in  one  pit. 
Every  ftratum  of  coal  has  fome  degree  of  decli- 
vity or  Hope,  and  a longitudinal  bearing,  and  it 
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flretchcs  as  far  every  way  as  the  other  ftratai 
which  accompany  it ; and  therefore  it  muft  be 
concluded,  that  coal  is  not  an  adventitious  recent 
produflion,  but  that  every  flratum  of  it  bears  its 
proportion  in  compoling  the  fuperficies  of  the 
globe,  and  that  the  llrata  of  coal  are  coeval  with 
the  other  flrata  which  accompany  them. 

As  there  is  nothing  fo  eft'edual  as  local  ex- 
amples to  enable  us  to  form  proper  ideas  in  en- 
quiries of  this  nature,  let  us  go  to  the  rocky 
fhores  of  the  ocean,  or  to  fome  river  which  has 
cut  deep  into  the  rock,  and  chufe  out  a fair  and 
lofty  fedion  of  the  ftrata ; but  care  ihould  be  ta- 
ken to  chufe  a proper  fedtion  : Now  a feftion  that 
is  cut  in  a line  parallel  to  the  bearing  of  the  ftra- 
ta, is  riot  a proper  one,  nor  fiiould  the  ftrata  be 
too  thick,  as  very  thick  ftrata  of  ftone  are  apt  to 
be  broken  tranfverfcly  from  the  beds  of  the  ftrata, 
' - and  it  is  not  eafy  to  diftinguifli  the  real  beds  or 
ftratification  of  the  rock  from  the  tranfverfe  cut- 
ters. I have  frequently  feen  very  thick  beds  of 
flone  broken  tranfverfcly  into  fuch  equal  and  pa- 
rallel divifions,  that  it  required  a good  deal  of 
attention  to  diftinguifh  the  real  beds  of  the  ftrata 
from  thefe  tranfverfe  cutters. 

The  belt  feftion  for  aftifting  our  ideas,  to  form 
proper  notions  of  the  difpofition  of  the  ftrata,  is 
one  cut  in  a line  nearly  parallel  to  the  declivity 
of  the  ftrata,  that  is  in  a line  nearly  from  dip  to 
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Tufe,  and  where  the  firata  are  moftly  thin,  or 'of 
Kiiddling  thicknefs,  and  the  divifions  of  the  fe- 
ver al  beds  perfectly  diilin£t.  In  fuch  a fecllon 
the  feveral  ftrata  of  various  thickjiefs  and  quali- 
ties are  feen  lying  one  above  another,  in  as  regu- 
lar order  as  the  leaves  of  a book,  or  a flack  of 

If  the  firata  decline  a little  with  an  eafy  Hope, 
the  feftion  is  the  better  adapted  for  this  exami- 
nation, as  in  that  cafe  the  one  edge  of  each  flra- 
tum  will  dip  down  gradually  out  of  our  fight, 
and  the  other  edge  will  be  feen  to  rife  up  quite 
to  the  grafs  roots  ; and  this  order,  in  the  difpofi- 
tion  of  the  firata,  is  the  mofl  convenient  imagin- 
able for  fociety,  as  it  favours  the  difcovery-of- 
working  of  coals,  quarries,  &c. 

We  find,  that  firata  of  coal  do  not  always 'con- 
tinue fo  good  and  regular  fo  near  the  furface  of 
the  ground  as  feme  others’  of  a harder  texture. 
Limeflone,  whinflone,  bafaltes,  and  many  other 
hard  rocks,  continue  firm  and  good  quite  up  to 
the  fuperficies  of  the  ftrata ; whereas,  on  the 
contrary,  many  of  the  fofter  and  weaker  ■ firata 
crack  and  crumble,  or  difiblve,  near  the  furface,  ' ' 
and  the  fuperficies  of  fuch  firata  decompofe,  and 
fall  into  fandy  particles,  which  are  mixed  with 
the  foil,  or  carried  down  the  flream. 

Many  coals  are  not  more  goodly  to  look  to 
near  the  furface  than  a heap  of  foot,  and  • many 
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feeds  of  fine  free-ftone  decompofe,  and  exhibit 
nothing  but  a layer  of  fand  immediately  below 
the  upper  foil : Neverthelefs,  further  down,  under 
, proper  cover,  the  feams  of  coal,  and  other  foft 
flrata  which  accompany  them,  acquire  ftrength 
and  confiftence,  and  prefer ve  their  thicknefs  and 
their  ftation  one  above  another  as  regularly  as 
other  harder  flrata. 

A fair  and  regular  fedlion  of  the  flrata,  if  it  be 
a lofty  one,  is  a magnificent  and  a pleafmg 
fight.  If  we  look  up  to  the  fummit  of  a magni- 
ficent pile  of  flrata,  we  perceive  that  they  keep 
the  fame  diflance  from  one  another  above  as 
they  do  bel6w.  Let  us  fix  (for  example)  upon  any 
two  diflinfl  layers,  or  flrata,  at  feveral  yards  dif- 
tance  from  one  another,  and  flretch  a horizontal 
line  below,  from  the  bafe  of  the  one  to  the  bafe 
of  the  other ; we  will  fuppofe  that  the  line  mea- 
fiires  a hundred  feet : 'Now,  if  the  fame  length 
of  line  is  flretched  horizontally  up  at  the  furface, 
we  will  find  that  it  fpans  them  above  as  well  as 
below,  and  that  they  are  nearly  the  fame  dif- 
tance  from  one  another.  The  upper  edge  of 
every  individual  flratum  in  the  fedlion  is  called 
by  Scotch  colliers  the  crop  of  it  j and  if  it  ap- 
pears to  the  day,  it  is  called  the  out-burji  of 
the  flratum.  • In  England,  they  fay  it  bajfets  out. 
Now,  as  the  diflance  betwixt  the  two  different 
flrata  is  a hundred  feet  at  the  furface,  and  the 
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fame  below,  it  will  be  found,  that  the  ftrata  of 
this  feftion  keep  the  fame  line  of  bearing,  and 
the.  fame  declivity  or  flope  for  half  a mile,  or 
any  given  diftance  ; and  in  that  cafe  the  two 
layers  or  ftrata  fixed  on  will  continue  at  the  fame 
diftance  from  one  another  all  the  way,  fo  long 
and  fo  far  upon  the  line  of  bearing,  as  the  'ftrata. 
preferve  the  fame  degree  of  declivity.  If  they 
turn  flatter,  or  nearer  to  the  horizontal  pofi- 
tion,  then  the  crops  of  them  will  be  found  at  a 
greater  diftance ; but  if  they  are  elevated  to  a 
greater  degree  of  flope,  or  nearer  the  vertical  po- 
fition,  in  that  cafe,  they  will  be  found  nearer  to 
one  another,  in  proportion  to  the  greater  or  leC- 
fer  degree  of  flope.  r 

From  this  obfervation  it  appears,  that  the  famd 
dafs  or  range  of  ftrata  always  run  parallel  to  one 
another.  What  I mean  by  a range  or  clafs  of 
ftrata,  is  any  number  of  ftrata  that  lie  contiguous 
to,  and  accompany  one  another,  and  that  are  dif- 
pofed  one  above  another  in  the  fame  place ; as 
for  inftance  the  number  of  feams  of  coal  and 
the  other  ftrata  which  accompany  them  in  the 
fame  coal  field.  Thefe  are  all  difpofed  one  above 
another  in  regular  order,  as  I have  fliown  in  the 
feftion  under  review,  and  they  all  run  parallel  to 
one  another  to  any  diftance  ; for  if  one  of  them 
fuffer  any  interruption,  difturbance  or  change, 
they  generally  all  fuffer  the  fame,  and  when  they 
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have  got  over  fuch  trouble  or  interruption,  they 
all  floor  regularly  again,  fo  that  the  parallelifm 
V of  the  fame  range  of  Itrata  is  always  preferved. 

Every  ilratum  in  a whole  range,  or  clafs,  or 
coal  field,  is  fpread  out  to  a vafl;  extent  in  an 
inclining  plane,  we  may  fuppofe  of  a mile, 
or  of  feveral  miles  fquare,  like  an  inclining 
field,  or  face  of  a country.  A dead  level  line, 
' drawn  through  this  inclining  plane,  is  called  the 
bearing  of  the  flirata,  and  another  line,  drawn 
right  acrofs  the  dead  level  or  bearing,  is  called 
the  declivity  of  the  flrata,  or  the  dip  and  rife  of 
the  flrata.  We  generally  can  fee  but  a very  little 
way  from  the  rife  to  the  dip,  or  along  the  line 
of  declivity  of  the  flrata,  becaufe  the  flrata 
foon  dip  down  out  of  our  fight,  and  generally  a 
great  number  of  other  flrata  come  on  above 
them  ; but,  on  the  contrary,  we  can  fometimes 
trace  the  fam.e  individual  flratum  or -number  of 
flrata  along  the  furface,  or  dead  level  line,  for  fe- 
veral miles ; and  therefore  we  may  properly  call 
this  the  longitudinal  line  of  bearing. 

It  very  frequently  happens  that  the  flrata 
flretch  or  fpread  as  far  upon  the  latitudinal  line 
of  declivity  as  they  do  upon  the  longitudinal  line 
of  bearing  ; but  then  we  cannot  fee  them  fo  far. 
We  often  fee  the  fuperficies  of  the  flrata  in  dif- 
ferent places  upon  the  line  of  bearing  burfling 
out,  and  appearing  to  the  day,  in  rivers,  rivulets, 
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rocks,  fears,  &c. ; and  we  frequently  work  quar- 
ries, and  efpecially  coals,  to  a confiderable  length 
upon  the  ftretch  of  this  line;  whereas  the  ftrata 
upon  the  ftretch  of  the  line  of  declivity  are  foon 
concealed  out  of  our  fight.  From  thefe  obferva- 
tions  it  appears,  that  every  individual  ftratum  in 
the  whole  fedtion  keeps  its  ftation  where  you  fee 
it  placed,  and  that  it  fpreads  as  wide  and  ftretches 
as  far  as  any  of  thofe  which  are  placed  above 
and  below  it,  which  perhaps  may  be  for  feveral 
miles  every  way.  Now  a feam  of  coal  being  a 
regular  ftratum,  it  muft  follow  of  confequence, 
that  when  the  crop  or  outburft  of  a feam  is  once 
difeovered,  it  will  fpread  as  wide  every  way  as 
any  of  the  other  ftrata  which  are  found  to  accom- 
pany  it. 

The  ftratum  which  is  placed  immediately  a- 
bove  the  feam  of  coal,  is  properly  called  the  roof 
of  the  coal,  and  the  ftratum  which  is  placed  im- 
mediately below  a feam  of  coal,  is  properly  called 
the  pavement  of  the  coal.  Now  thefe  three,  that 
is,  the  ftratum  of  coal,  and  its  roof  and  pave- 
ment, with  the  other  concomitant  ftrata  lying 
above  and  below  them,  always  preferve  their 
ftations  and  parallelifm,  that  is,  they  are  all 
ftretched  out  and  fpread  one  above  another  upon 
the  fame  inclining  plane,  and  they  have  the 
fame  line  of  bearing  and  the  fame  line  of  decli- 
vity. 
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When  a young  haturalifl  has  viewed  a few  re- 
gular fedions  of  the  ftrata,  and  has  confidered 
a little  the  ftretch  or  fpreading  out  of  the  regular 
ftrata,  as  defcribed  above  J when  he  afterwards 
defcends  into  a coal- work,  and  is  (hewn  the  fec- 
tions  of  the  feams  of  coal,  and  other  ftrata  cut 
through  in  finking  the  pit;  when  he  examines 
the  feam  of  coal  which  they  are  then  working; 
and  finds  it  preferve  an  . equal  thicknefs  between 
roof  and  pavement,  perhaps  for  feveral  hundred 
yards  from  the  pit  bottom ; when  he’  has  feeil 
the  whole  coal  wall,  that  is  the  unwrought  coal, 
and  all  the  boards  or  rooms  in  which  the  col- 
liers are  working,  with  a prodigious  number  of 
coal  pillars  left  for  fupporting  the  roof,  and  finds 
the  coal  every  where  of  nearly  the  fame  thicknefs, 
and  preferving  nearly  the  fame  declivity  or  flope, 
the  firft  thing  that  ftrikes  his  imagination,  next 
to  the  novelty  of  the  whole  fcene,  is  the  extreme 
regularity  of  the  ftratum  of  coal  fo  deep  down, 
and  to  fuch  an  extent  below  ground ; and  he 
will  perhaps  imagine  it  a very  eafy  matter  to  pur- 
fue  and  work  out  a feam  of  coal  to  any  extent, 
even  through  the  whole  length  of  the  illand ; but 
experience  does  not  find  it  fq  eafy  a tafic  as  a fan- 
guine  theorift  may  be  apt  at  firft  to  imagine. — 
Experience  meets  with  numberlefs  rubs  and  in- 
terruptions in  working  coal,  many  of  which  oc- 
casion great  trouble  and  expence,  and  fome  of 
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them  prove  the  lofs  of  the  coal  altogether,  either 
by  its  being  cut  off,  or  rendered  unfit  for  work- 
ing with  profit. 

An  accurate  knowledge  of  the  fiirata  in  a coal 
field  is  indifpenfably  neceflary  to  a coal-mafter  ; 
and  to  obtain  this  knowledge,  he  fhould  himfelf  • 
enter  the  pits,  mines,  and  levels  funk  and  drove 
in  the  coal  field.  In  thefe  he  will  fee  a great 
number  of  the  different  ftrata  of  ftone,  and  of 
the  other  coal  metals,  thick  and  thin,  hard  and 
foft.  An  accurate  coal-mafter  will  make  him- 
felf w'ell  acquainted  with  the  quality,  colour,  and 
thicknefs  of  each  of  thefe,  and  how  far  each  of  , 
them  is  above  or  below  fuch  and  fuch  a feam  of 
coal.  He  wall  carefully  confider  the  order  of 
the  different  ftrata,  as  they  lie  Jlratum  fuper 
'turn  with  refpeift  to  one  another,  by^  which 
means,  when  he  fees  any  one  of  them*  he 
knows  what  others  are  to  be  found  next  to  it, 
both  above  and  below.  Now  this  knowledge  is 
often  of  fingular  ufe  to  him ; as  for  inftance, 
when  the  coal  is  thrown  either  up  or  down  by 
one  of  thofe  flips,  w'hich  I am  by  and  by  to  de- 
fcribe.  In  that  cafe,  the  coal  appears  to  be  loft. 
Well,  what  is  he  do  in  this  difficulty  ? The  coal 
is  of  too  much  confequence  to  be  given  up. 
What  method  then  is  to  be  adopted  in  order 
to  recover  it  ? That  he  cannot  properly  refolve 
upon,  until  he  knows  firft  how  far  iif  is  thrown 
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out  of  its  regular  courfe,  up  or  down.  But  how 
is  he  to  know  how  far  the  coal  is  thrown  off  its 
former  level  ? The  readied  way  to  be  mader  of 
this  intereding  point,  is  to  pierce  the  done,  or 
rather  drata,  which  faces  the  workmen,  where 
the  coal  is  cut  off  and  lod ; and  if  he  knows  it 
with  certainty,  he  is  encouraged,  as  in  that  cafe 
he  knows  pretty  nearly  how  far  the  coal  is  thrown 
off  its  ordinary  level,  either  up  or  dowm ; and 
he  can  then  judge  which  is  the  mod  proper  me- 
thod to  recover  it  with  lead  expence  of  time  and 
money.  The  coal  is  fometimes  thrown  a great 
way  out  of  its  former  courfe  by  great  dykes  and 
flips,  which  frequently  make  it  neceffary  to  fearch 
for  it  upon  the  other  fide  of  fuch  troubles;  and 
many  accidents  happen  which  make  it  fometimes 
neceffary  to  Ihift  the  former  dation  altogether, 
and  to  fink  new  pits,  &c. ; in  which  cafes,  an  ac- 
quaintance with  the  hidory  of  the  drata  which 
accompany  the  coal  becomes  abfolutely  neceffary, 
and  the  want  of  it  makes  many  to  grope  in  the 
dark,  and  often  to  commit  blunders  at  a great  deal 
of  unneceffary  expence  and  lofs  of  time,  and 
fometimes  to  mifcarry  altogether,  wften  they 
might  have  fucceeded  better  had  they  but  known 
what  they  were  about,  and  been  mader  of  the 
hidory  of  the  drata  which  accompany  their  coals. 

Some  of  the  drata  which  lie  near  the  coal  are 
frequently  feen  cropping  out  in  rivulets  and  other 
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places,  where  the  fuperficies  of  the  flrata  appear, 
and  an  expert  coal-mafter  knows  what  ufe  to 
make  of  fuch  difcoveries.  He  will  be  very  care- 
ful to  inveftigate  all  he  fees  from  time  to  time, 
until  the  place,  and  difpofition,  and  other  pheno- 
mena of  all  the  ftrafa  in  the  coal  field  are  be- 
come familiar  to  him. 

I fliall  now  give  a hiftory  and  defcription  of 
fuch  breaks  and  interruptions,  of  the  regularity  of 
the  ftrata  as  are  commonly  met  with  in  working 
coals  i 

The  flips,  dykes,  galhes,  and  other  accidents 
which  are  met  with  in  working  coals,  are  all 
of  them  in  general,  and  not  improperly,  called , 
troubles  by  Septs  colliers. 

I.  The  Jlip,  properly  fo  called  by  the  Englifii 
colliers,  but  improperly  called  a dyke  by  moft  of 
the  Scots  colliers,  is  the  mofi;  frequent  accident 
or  interrupption  which  we  meet  with  in  w'orking 
coals.  In  a flip  the  ftrata  are  all  cut  or  broke 
afunder,  frequently  in  a ftraight  line,  though 
fometimes  in  a curved  line,  and  thofe  upon  the 
one  fide  of  the  breach  or  feclion  are  flipt  down  a 
confiderable  number  of  feet,  perhaps  many  fa- 
thoms below  the  edges  of  the  fame  ftrata  upon 
the  other  fide  of  it.  In  fome  coal  fields,  the  me- 
tals or  ftrata  are  thrown  up  by  one  flip  as  much 
as  they  were  thrown  down  by  another,  and  in 
other  fields  all  the  flips  which  we  meet  in  work-;- 
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iiig  away  the  coal  towards  one  point  of  the  comr 
pafs  are  up  flips,  which  in  courfe  would  be  all 
down  if  you  were  working  towards  the  oppofite 
point. 

There  is  no  coal-work  of  any  confiderable  ex- 
tent without  flips.  In  pointing  out  a flip  to  a 
young  ftudent  in  this  branch  of  natural  hiftory, 
it  will  be  proper  for  his  conductor  to  fhew  him  the 
coal  wall  in  perfedlion,  as  near  the  flip  as  he  can, 
where  he  will  find  the  coal  nearly  of  the  fame 
thicknefs  as  in  other  parts  of  the  work ; and  by 
fhifting  the  candle  flowly  forward  along  the  coal 
wall  a few  yards,  he  will  fee  the  flip.  . If  it  be  a 
down  flip,  he  wdll  fee  the  coal  beginning  to  be 
cut  off  firft  above  near  the  roof,  and  fo  down- 
wards, by  degrees,  to  the  pavement,  not  always 
in  a perpendicular,  but  generally  in  a floping 
line,  though  fome  flips  Hand  much  nearer  the 
perpendicular  than  others.  When,  in  a down 
flip,  the  coal  is  cut  off  in  this  manner,  you  will 
meet  with  ftone  or  other  metals  * inftead  of  it, 
firft  near  the  roof ; and  the  ftone  continues  to 
meet  the  workmen  in  the  face,  or  in  the  place 
where  the  coal  fhould  be  with  a flope  downwards, 
until  at  laft,  down  at  the  pavement,  the  whole 

ftratuin 
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flratum  of  coaMs  cut  off,  and  no  more  of  it  re- 
mains in  fight.  To  a perfon  of  no  experience  in 
thefe  matters,  the  coal  in  this  inftance  appears  to  be 
cut  off  altogether,  nor  would  he  know  what  was 
to  be  done  in  order  to  find  it  again ; but  an 
experienced  coal-mafter  has  pretty  good  rules 
by  which  he  can  recover  it.  As  the  coal  in 
this  down  flip  began  firfl:  to  be  cut  off  at  the 
roof,  and  fo  gradually  downwards,  until  it  was . 
entirely  cut  off  at  the  pavement ; your  conduc- 
tor, with  the  point  of  a pick,  can  open  up  a little 
of  the  vife  or  fiffure  in  the  pavement,  and  in  that 
fiffure  you  will  perceive  fome  veftigia  of  the  coal 
remaining.  Sometimes  an  inch  or  two,  or  more, 
of  the  coal  is  feen  going  down  in  the  fiflure,  but 
frequently  nothing  is  found  in  the  feftion  or  fif- 
fure, but  a blackifli  foft  'fticking  of  clay,  perhaps 
not  above  half  an  inch  thick.  I have  feen  the 
joint  fo  very  clofe,  that  there  was  hardly  room  to 
thruft  the  blade  of  a knife  betwixt  the  two  hard 
fides  of  the  fiffure,  neverthelefs  the  fedion  or  fif- 
fure continued  to  be  diftindly  feen  with  two 
fmooth  fides.  It  will  then  be  proper  to  fliew 
our  young  learner  where  the  flip  has  been  pierced 
by  a mine  ; and  when  he  has  gone  through  the 
mine  to  the  other  fide,  he  "will  fee  that  from, 
thence  the  fame  trouble  becomes  an  up  flip* 
Above,  upon  the  other  fide,  the  coal  began  firft 
to  be  cut  off  at  the  roof,  but,  on  the  contrary,  it 
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begins  here  to  be  firfl:  loft  below  at  the  pavement^ 
and  the  ftone  comes  in  inftead  of  it  gradually 
upwards,  until  all  the  coal  is  entirely  cut  off  at 
the  roof.  You  will  find  the  coal  flooring  as  re- 
gularly down,  upon  the  low  fide  of  the  flip,  as  it 
was  above  on  the  other  fide  of  it,  before  it 
was  cut  off ; and  if  the  mine  has  been  made  in 
the  vife  or  fiffure  of  the  flip,  you  will  fee  fome 
dark  veftige  of  the  coal  all  the  way  through,  from 
the  place  where  the  coal  was  cut  off,  upon  the 
one  fide  of  the  flip,  until  it  floors  regularly  again, 
at  full  thicknefs,  upon  the  other  fide  of  it.  At 
leaft,  you  will  perceive  a feftion  or  fiffure  cutting 
all  the  ftrata  in  a flaming  direftion  from  where 
the  coal  is  loft  above,  until  it  is  found  again  be- 
low. 

When  we  firft  meet  with  one  of  thefe  troubles, 
we  do  not  immediately  know  what  to  make  of 
it,  or  how  far  it  has  thrown  the  coal  up  or  down, 
unlefs  we  have  pierced  it  before  in  fome  other 
part  of  the  field,  as  they  differ  widely  in  magni- 
tude, or  in  the  number  of  feet,  or  of  fathoms, 
they  throw  the  coal  off  its  ordinary  floor  or  level  j 
and  they  alfo  differ  widely  in  the  confufion  they 
make  in  the  metals,  and  in  the  line  of  bearing ; 
but  they  all  agree  in  this  one  circumftance,  that 
there  is  always  a cut  or  fiffure  in  the  ftrata, 
though  not  always  in  a ftraight  line ; and  that 
the  fedion  of  the  ftrata  upon  one  fide  of  the  fif- 
. fure 
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fare  Is  always  thrown  or  funk  down  below  the 
fe6Hon  or  edges  of  the  fame  ftrata,  on  the  other 
fide  of  the  filTure. 

Slips  in  the  coals  and  coal  metals  are  either 
parallel,  direft,  or  oblique  : 

ij^.  By  parallel  Jlips,  I mean  fuch  as  cut  the 
ftrata  in  a line  parallel  to  the  dead  level  line  or 
bearing  of  the  ftrata ; and  the  bearing  in  Great 
Britain,  and  other  places  in  the  fame  parallels  of 
latitude,  is  nearly  from  north-eaft  to  fouth-weft, 
excepting  fmall  fpots  or  places  where  they  have 
been  partially  warped  or  twifted  out  of  the  true 
line  of  direction  by  accidental  caufes,  fuch  as  a 
different  dip  or  declivity  of  the  ftrata,  which  is 
occafioned  by  the  waving  and  wheeling  of  the 
ftrata,  &c.  to  be  explained  hereafter.  i 

The  effefl  of  the  parallel  flip  is  this  : When 
you  are  working  a coal  towards  the  dip,  or  pufti- 
ing  a mine  towards  the  dip,  in  order  to  gain  a 
greater  breaft  of  coah  you  ftrike  one  of  thefe 
flips,  which  meets  you  in  the  face  as  you  pufti 
downwards,  cuts  off  the  coal,  and  throws  it  many 
feet  or  many  fathoms  up.  Some  of  thefe  flips 
throw  the  coal  quite  up  to  the  furface,  though 
you  have  fixty,  eighty,  or  more  fathoms  of  cover 
where  it  is  cut  off.  The  coal  has  generally,  the 
fame,  or  nearly  the  fame  declivity  or  dip  upon 
both  fides  of  one  of  thefe  parallel  flips,  and  like- 
wife  the  fame  bearing ; and,  therefore,  when  the 
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coal  is  only  thrown  up  a few  feet,  or  a few  fa- 
thoms, the  interruption  is  eafily  overcome,  by 
running  a mine  or  level  right  acrofs  the  ftrata, 
from  the  one  fide  of  the  flip,  until  you  cut  the 
coal  upon  the  other  fide  of  it.  But  when  it 
happens  to  be  a great  flip,  you  have  either  a 
long  mine  to  drive,  in  order  to  level  the  water 
upon  the  other  fide  of  the  flip,  and  bring  it  to 
the  adit  or  engine,  or  elfe  you  muft  remove  the 
engine  to  a proper  ftation,  to  gain  as  great  a field 
of  coal  upon  the  other  fide  of  the  flip,  as  it  is 
able  to  drain.  It  will  be  eafily  conceived,  that 
in  this  inftance,  what  is  an  up  flip  from  one  fide^ 
is  a down  flip  from  the  other ; that  is,  when 
you  are  working  with  your  face  to  the  dip,  and 
meet  an  up  flip,  if  ’ you  were  working  upon  the 
other  fide  of  it,  and  Working  with  your  face  to 
the  rife  of  the  coal,  it  would  be  a down  flip.- 
Thefe  parallel  flips  are  frequently  the  occafion 
of  our  having  fuch  fine  and  regular  feftions  of 
the  ftrata  as  we  often  meet  with  upon  the  banks 
of  rivers,  cliffs  of  rocksj  and  the  fliores  of  the 
ocean.  One  of  thefe  flips,  or  perpendicular  fiffures, 
cutting  the  ftrata  in  a line,  and  that  part  of  the 
range  of  ftrata  which  was  without  the  fiffure,  or 
towards  the  crop  of  it,  being  undermined  by  water, 
or  otherwife  broken  off,  a regular  fedtion  of  the 
ftrata,  from  the  top  to  the  bottom  of  the  rock,  on 
the  fide  which  ftood  firm,  is  exhibited  to  vieV.' 
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2(1,  The  oblique  Jlips  are  fuch  as  cut  the  flrata  iri 
a diagonal  diredlion  acrofs  the  Hope.  Thefe  flips 
differ  but  little  from  the  former  in  defcription,  < 
only  they  throw  the  coal  up  or  down  in  the 
fame  oblique  diredlion,  and  they  throw  it  to  one 
fide,  out  of  the  line  of  bearing,  in  proportion  to 
the  obliquity  of  the  line  of  the  fiflure  or  flip  to 
the  line  of  bearing  of  the  ftrata,  and  the  num- 
ber of  feet  or  fathoms  the  coal  is  thrown  up  or 
down  off  its  former  level. 

2^d,  The  third  fpecies  of  flips,  which  I call 
diredl,  are  fuch  as  cut  the  ftrata  right  acrofs, 
nearly  in  a line  from  crop  to  dip.  When  you 
are  carrying  forward  a breaft  of  coal,  which  dips 
towards  the  north,  and  are  working  along  the 
dead  level  line  or  bearing  of  the  coal,  with  your 
face  towards  the  weft,  and  meet  one  of  thefe  direct 
or  refliangular  flips,  if  it  be  a down  flip,  the  coal  is 
thrown  fo  far  to  the  left  hand  out  of  the  former 
line  of  bearing  ; but,  on  the  contrary,  if  it  be 
Kj'  an  up  flip,  the  coal  is  thrown  to  the  right  hand,  in 
proportion  to  the  number  of  fathoms  it  is  thrown  ' 
off  its  former  level,  and  to  the  quick  or  flow  rife 
and  declivity  of  the  ftrata.  In  this  cafe,  when  it 
is  a down  flip,  a mine  Or  level  drift  miift  be  turn- 
ed off  to  the  left  hand  ; but  if  an  up  flip,  it  mu  ft 
be  turned  off  to  the  right  from  the  loweft  or  level 
room,  and  carried  in  the  vife  or  fiffure  of  the  flip, 
in  order  to  level  the  coalj  and  winn  it  properly 
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upon  the  other  fide  of  the  trouble.  It  may  be 
proper  to  obferve  here,  that  you  cannot  depend 
with  abfolute  certainty  upon  fuch  mine  or  level 
for  difcovering  the  coal  upon  the  other  fide  of 
this  trouble,  until  you  firft  know  that  the  flip  i$ 
a fingle  flip,  for  many  large  flips  have  feveral 
branches.'  In  a fingle  flip,  which  only  throws  the 
Coal  once  up  or  down,  you  are  fure^  to  find  the 
coal  with  a mine,  as  pointed  out  above,  by  keep- 
ing a good  hold  of  the  firm  metals  in  the  farther 
fide  of  the  mine,-  where  the  coal  is  to  be 
found,  that  is,  by  cutting  the  edges  of  the  folid 
flrata  in  the  farther  fide  of  the  vife,  or  foftnefs 
contained  in  the  fiflure  of  the  flip.  But  if  the 
flip  confifts  of  feveral  branches,  or,  in  other 
words,  if  there  are  two  or  three,  or  more  flips 
near  one  another,  which  often  happens  before  the 
coal  is  got  clear  of  that  trouble,  and  floors  again 
as  before,  it  requires  farther  attention.  W e 
fometimes  meet  with  a range  of  troubles  or  flips, 
parallel  to,  and  fo  near  one  another,  that  we  muft 
try  to  get  beyond  them  all  before  the  coal  fliall 
floor  regularly.  In  that  cafe,  the  mine  or  drift 
mentioned  before  is  not  fufiicient.  This  mine  is 
fuppofed  to  be  driven  in  the  vife  of  the  flip,  and 
the  whole  breadth  or  widenefs  of  the  mine  is  not 
above  three  feet ; whereas  the  whole  trouble,  in- 
cluding the  bundle  of  parallel  flips,  may  be  twen- 
ty, forty,  or  even  a hundred  feet  broad,  or 
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more  j and,  therefore,  a crofs  mine  through  all 
the  branches  mull  be  cut  before  the  coal  can  he 
found  and  levelled  by  fuch  a mine.  When  a pa- 
rallel flip,  an  oblique  flip,  and  one  that  cuts  aright 
acrofs  the  flrata,  meet  at  certain  angles  or  points, 
they  often  produce  a triangular  piece  of  coal,  of 
lefs  or  greater  dimenfions,  in  proportion  to  the 
diftance  thefe  different  .flips  happen  to  be  from . 
one  another.  Sometimes  the  fides  of  thefe  guf- 
fets  of  coal  are  nearly  of  equal,  and  fometimes 
of  very  unequal  lengths.  When  a great  number 
of  thefe  different  forts  of  flips  happen  to  cut  and 
interfect  a field  of  coal  in  all  diredlions,  they  o£ten> 
make  fad  havock  in  it.^  A proper  plan  of  the 
fiffures  and  diflurbances  in  fuch  a field  would 
much  refemble  a large  fheet  of  ice,  broken  and 
fallen  in,  where  pieces  and  fragments  are  to  be 
feen  of  all  fliapes  and  dimenfions,  the  edges  of 
the  fragments  being  elevated  and  depreffed,  or 
flipt  by  one  another  in  all  diredlions  and  in  all 
degrees. 

Thefe  flips,  as  well  as  all  other  troubles  and 
interruptions  met  with  in  working  coals,  are  ge- 
nerally looked  upon  only  as  real  evils  incident  to 
the  practice  of  colliery  ; and  it  mufl:  be  confefled 
that  they  are  fo,  and  that  they  often  prove  ex- 
ceeding troublefome  and  expenfive ; and  more- 
over, they  certainly  are  the  mofl  frequent  inter- 
ruption of  the  regularity  of  the  flrata  j but  it  is 
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perhaps  the  only  coal  trouble  by  which  we  reap 
any  benefit.  Contrary  to  what  is  generally  ima- 
gined, a very  obvious  advantage  to  coal-mining 
arifes  from  thefe  flips.  They  are  often  a ge- 
neral good  when  they  prove  a partial  evil. — 
By  throwing  the  ftrata  of  coal  up  and  down 
this  way  and  that,  they  are  fpread  wider  over 
the  face  of  a country  ; and  the  flips  throw 
more  of  them  up,  fo  near  the  furface  of  the 
ground  as  to  be  within  our  reach,  than  we  could 
otherwife  polTibly  get  at,  were  the  ftrata  to  keep 
the  fame  uniform  ftretch,  bearing,  and  declivity 
invariably,  without  any  interruption  or  breach  of 
regularity. — A parallel  flip  efpecially  gives  us  the 
fame  field  of  coal  over  and  over  again,  as  often 
as  it  is  thrown  dovm  by  a flip  of  that  fort. — 
One  parallel  flip,  if  it  throws  the  coal  fixty  or 
eighty  fathoms  down,  or  as  much  as  you  can  reach 
with  your  level,  or  engine,  gives  you  the  fame 
field  of  coal  twice  over  in  any  given  length  upon 
the  longitudinal  line  of  bearing.  Three  parallel 
flips,  in  like  manner,  give  the  fame  field  exadlly 
‘three  times  over,  and  fo  on  to  any  number,  pro- 
vided that  there  is  a fufficient  diftance  betwixt 
each  flip,  from  crop  to  dip,  to  give  an  ample 
breaft  of  coal ; and  the  other  forts  of  flips  have 
in  fome  degree  the  fame  effedt  of  keeping  the 
coals  floating  near  the  furface,  within  our  reach, 
which  makes  the  flips  a public  good,  when  in 
fa<ft  they  often  prove  a private  evil. 
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When  a great  flip  has  many  branches,  or  when 
there  are  many  flips  running  parrallel,  and  near 
to  one  another,  they  often  prove  very  trouble^ 
fome  and  expenfive.  I have  feen  fome  of  thefe 
very  wide,  and  the  metals  betwixt  each  of  the 
branches,  being  generally  imperfect  and  tender, 
and  dipping  confufedly  every \ way,  make  it  difii- 
cult  to  get  over  them. 

Sometimes  the  coal  feems  to  floor  regularly 
between  the  divifions  of  thefe  great  flips,  but  the 
compartments  are  fo  fmall,  that  although  the  coal 
fhould  be  found  at  full  thicknefs,  yet  it  is  cut  off 
again  when  we  have  advanced  a few  feet,  or  at 
mofl:  a few  yards  forwards  in  it,  The  coal  is 
fometimes  found  pretty  good  between  the  grains 
of  thefe  troubles,  and  pretty  regular,  with  the 
proper  dip  and  rife ; but  it  is  much  oftner  fqund 
imperfect,  foft,  and  ufelefs. 

When  the  coal  is  thrown  forty  or  fifty  fa- 
thoms off  its  former  level,  by  a flip  compofed  of 
feveral  parallel  divifions,  which  cut  acrofs  the 
ftrata,  it  often  alters  the  declivity,  fo  that  the 
coal  fhall  lie  much  flatter  upon  the  one  fide  than 
the  other  of  this  trouble;  in  which  cafe  it  is  very 
difficult  to  calculate  exa£lly  how  much  the  coal  is 
thrown  off  the  former  level,  and  how  far  it  is  thrown 
to  the  right  or  left  out  of  the  former  line  of  bear-  , 
ing.  Where  the  fuperficies  of  the  ftrata  are  feen 
in  rivulets,  glens,  and  other  places,  where  the 
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the  furface  of  the  earth  is  broken,  fome  imperfecb 
notices  may  be  obtained,  if^we  are  mafter  of 
the  hiftory  of  the  ftrata  of  the  field  j but  if  the 
furface  is  unbroken,  and  the  ftrata  covered  with 
clay  or  fand,  &c.  the  moft  ikilful  are  in  the  dark 
until  they  have  made  trials  by  boring,  or  other- 
wife. 

The  facility  with  which  boring  is  now  perr 
formed  by  men  of  Ikill  in  that  branch  ef  bufi- 
nefs,  with  a good  apparatus,  is  of  great  confe- 
quence  to  fet  us  right  in  fuch  difficulties,  and  in 
doubtful  cafes,  at  a moderate  expence.  Before 
boring  was  brought  to  fuch  perfedion,  and  be- 
came common;  many  expenfive  blunders  were 
committed  ; and  fo  there  are  ftill  when  that  wife 
precaution  is  negledled.  It  is  no  uncommon  in- 
cident in  the  hiftory  of  collieries  to  hear  of  fink- 
ing expenfive  pits,  and  fometimes  of  eroding 
fteam  engines,  where  they  had  no  coal  to  work 
when  they  got  down,  becaufe  they  unfortunately 
happened  to  place  their  pits  between  two  flips 
which  were  pretty  clofe  to  one  another,  and  ran 
parallel  to  one  another.  The  metals,  or  different 
ftrata  which  they  cut  through  in  finking  fuch 
pits,  perhaps  might  appear  to  lie  fair,  and  to  dip 
and  rife  regularly  ; but  when  they  come  to  drive 
mines  in  the  coal,  in  order  to  open  it  up  for 
working  in  form,  they  find,  when  it  is  too  late, 
that  they  have  no  coal  of  any  confequence  to 
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work  upon.  They  are  foon  cut  off  by  troubles 
on  each  hand,  and  all  their  expence  and  time  is 
loft,  which  might  have  been  prevented  had  they 
duly  examined  their  field  by  boring. 

I have  already  hinted,  that  fome  of  the  great 
flips  have  many  parallel  branches,  between  which 
branches,  or  parallel  flips,  the  metals  are  imper- 
fe£t,  and  in  the  greateft  confufion  and  diforder ; 
there  are  other  great  flips  that  throw  the  coal 
forty,  fixty,  or  eighty  fathoms  up  or  down  at 
once,  that  is,  at  one  flip  without  any  parallel 
branches  in  that  place.  When  thefe  are  known, 
they  are  generally  more  eafily  conquered  than 
fuch  as  are  compofed  of  many  branches,  becaufe 
the  metals  are  generally  good  and  regular  immedi- 
ately upon  the  other  fide  of  the  Angle  flips  j where- 
as the  confufion  and  trouble  continues,  and  is 
often  very  wide  and  difficult  to  get  over,  where 
many  flips  run  near  to  one  another.  The  Angle 
flips,  or  fteps,  for  they  are  known  by  both 
names,  are  of  various  degrees  of  magnitude,  from 
fixty  or  eighty  fathoms,  or  more,  down  to  a few 
'feet,  and  even  a few  inches.  When  thefe  flips 
are  fmall  ones,  they  are  called  hitches  by  Scots 
colliers  j and  it  frequently  happens  that  fuch  a 
fmall  hitch  only  cuts  off  a part  of  the  coal,  and 
that  the  other  part  of  the  thicknefs  of  the  feam 
continues  ftill  in  fight.  In  this  cafe,  tlie  worft 
confequence  generally  is,  that  the  coal  is  ffiaken, 
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tender  and  foul,  and  continues  fo  until  you  are 
quite  clear  of  fuch  trouble.  If  one  of  thefe 
fmall  flips  or  hitches  fliould  not  throw  the  coal 
above  three  or  four  inches  off  its  ordinary  levels 

* 

yet,  neverthelefs,  it  will  very  fenfibly  affefl  the 
coal  feam,  and  all  the,  metals  about  it,  as  this 
trifling  flip  cuts  through  them  all ; and  they  are 
always  in  a lefs  or  greater  degree  foft,  tender, 
and  brittle  upon  both  fides  of  . the  fiffure ; for 
which  caufe  the  colliers  are  generally  obliged  to 
contrafl  their  boards,  or  rooms,  much  narrower 
when  they  pafs  through  one  of  thefe  hitches,  in 
order  to  fave  the  roof  until  they  are  quite  clear 
of  it.  Thefe  fmaller  flips  are  very  frequent  near 
the  fuperficies  of  the  ftrata,  and  much  more  fo 
in  fome  fields  than  in  others.  But  the  fmall 
hitches  found  at  the  furface  feldom  go  far  down  ; 
whereas  the  larger  flips  continue  from  the  fur- 
face  down,  as  deep  as  we  fink,  and  cut  through 
every  individual  ftratum  in  their  courfe. 

There  is  yet  one  material  remark  to  be  made 
concerning  flips,  namely,  that  every  one  of  them 
are  not  always  equal  in  every  part  of  the  work ; 
that  is,  all  flips  do  not  always  throw  the  coal  and 
concomitant  ftrata  an  equal  number  of  feet,  of 
fathoms,  off  its  former  level  in  all  parts  of  the 
fame  work.  Some  of  them  are  very  confiderable 
flips  -near  the  fuperficies,  or  crop  of  the  ftrata, 
and  throw  the  coalj  &c.  a great  many  fathoms 
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off  Its  former  regular  floor,  or  bed,  which  prove 
but  fmall  ones  further  down,  towards  the  dip  ^ 
and,  on  the  contrary,  fome  are  great  flips  to  the 
dip,  and  fmall  ones  near  the  crop.  I have  feen 
many  of  thefe  that  threw  the  coal  feveral  fathoms 
up  or  down  near  the  crop,  which  grew  lefs  and 
lefs  as  we  wrought  down  towards  the  dip,  until 
they  at  lafl:  dwindled  away  to  nothing,  and  were 
no  more  feen : And  I have  feeri  very  confider- 
able  flips  pretty  far  down  towards  the  dip,  which 
grew  lefs  and  lefs  as  we  advanced  upwards,  and 
at  lafl;  dwindled  away,  and  were  no  more  feen, 
before  they  reached  the  crop. 

I believe  it  may  be  obferved,  in  general,  that 
the  flips  which  vary  fo  much  between  the  crop 
and  dip  of  the  coal,  are  commonly  fuch  as  cut 
acrofs  the  ftrata,  either  in  a right  or  a diagonal 
direction.  The  parallel  flips,  I am  perfuaded,  are 
generally  more  regular,  that  is,  they  continue  to 
a greater  length,  along  the  bearing  of  the  flrata,  to 
be  a flip  of  fo  many  fathoms  as  we  found  them 
at  any  given  point. 

It  is  exceedingly  difficult  to  explain  all  the 
phoenomena  of  every  particular  flip  which  we 
meet  with  in  working  coal,  becaufe  they  all  differ 
from  one  another  in  fome  manner  or  degree. 

All  the  flips  found  in  the  coal  metals  are  mi- 
neral veins,  and  of  that  fpecies  of  veins  which  are 
called  by  naturalifls  perpendicular  figures,  and  by 
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miners,  leins;  and  as  thefe  veins  are  fofter  or 
harder,  wider  or  clpfler  between  the  fides,  fo  are 
the  flips  *.  Some  of  the  flips  are  very  wide  be- 
twixt the  two  fides  of  the  Mure,  and  the  cavity  of- 
ten contains  heterogeneous  or  adventitious  matter, 
frequently  fuch  as  inclines  to  be  foft  and  argillace- 
ous ; and  the  fides  of  fuch  wide  flips  are  gene- 
rally foft,  loofe,  and  dangerous,  as  they  cannot  be 
mined  either  along  or  acrofs  the  flip  without  fe- 
curing  the  mine  with  timber.  Other  flips  are 
hard  and  clofe,  at  leaft  in  fome  places  upon  the 
longitudinal  line  of  them  ; and  though  the  ftrata 
may  be  thrown  a great  many  fathoms  off  the  or- 
dinary level  by  them,  yet  the  two  fides  of  the 
vein,  or  fiflure  of  the  flip,  will  be  found  in  fome 
places  perfedly  clofe  together,  though  the  filTure 
or  joint  will  always  be  difcerniblc  to  a fkilful  eye. 

Again,  fome  of  the  flips  contain  feveral  fpecies 
of  heterogeneous  matter,  between  the  fides  of  the 
fiffure,  of  a harder  nature ; fuch  as  pyrites,  feveral 
kinds  of  fpar  and  cryftallizations,  and  fometimes 
lead  ore,  &c.  I have  frequently  feen  pyrites  and 
large  ribs  of  fpar  in  feveral  flips,  and  more  than 
once  a little  lead  ore  in  the  collieries  of  Scotland  j 
but  Coalcleugh,  in  the  north  of  England,  is  the 
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mofl:  remarkable  place  for  producing  a great 
quantity  of  lead  in  the  coal  metals,  of  any  I-have 
yet  heard  of.  There  the  lead  cut  off  the  coal, 
or  threw  it  off  its  regular  bed,  as  other  flips  do 
which  contain  no  lead.  The  coal  was  found 
upon  the  other  fide  of  the  flip,  and  wrought  as 
ufual,  according  to  my  information,  and  the  lead 
was  wrought  with  eminent  fuccefs. 

There  are  a great  variety  of  leffer  troubles,  or 
difturbances  of  the  regularity  of  the  llrata,  fuch 
as  hitches , Jkews , backs,  &c.  which  are  more  local, 

» and  in  general  only  affe£t  one  particular  fpot. 
Thefe  are  not  eafily  defcribed,  as  no  two  of  them  . 
are  alike,  and  they  are  feldom  of  much  continu- 
ance. 

A hitch  is  a fmall  flip,  which  only  throws  part 
of  the  thicknefs  of  the  coal  off  its  former  level, 
and  the  other  part  of  it  always  remains  in  fight, 
fo  that  the  coal  is  never  quite  loft  with  a hitch. 

Skews  and  backs  are  only  local  joints  of  an  ir- 
regular curved  figure,  which  often  fefemble 
hitches  when  we  firft  meet  with  them,  but  they 
only  ftrike  out  a little  way,  and  turn  in  again ; 
that  is,  fome  of  them  defcribe  a fegment  of  a 
circle  of  leffer  or  greater  dimenfions,  and  others 
of  them  only  prove  a difcontinued  joint,  which 
only  affetls^  a fmall  part  of  the  coal,  and  the  coal 
roof,  &c,  but  feldom  extends  to  any  great  di- 
ftance. 
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It  may  be  proper  to  repeat  here,  for  the  fake 
of  memory,  that  there  are  two  circiimftances  pe- 
culiar, to  all  flips  and  hitches.  Firft,  there  is  in 
every  one  of  them  a real  fe6tion,  or  filTure,  right 
acrofs  the  beds  of  the  ftrata  5 and  fecondly,  the 
beds  of  this  fedion,  or  cut,  is  flipt  down  fo  that 
the  feams  of  coal,  and  other  particular  ftrata, 
floor  lower  down  upon  the  one  fide  of  the  fif- 
fure,.  or  fection.  If  the  ftrata  lie  in  a horizontal 
pofttion,  the  fifllire  of  the  flip  will  be  nearly  per- 
pendicular j but  if  the  ftrata  hang  with  any  con- 
fiderable  degree  of  declivity,  the  fifliire  of  the  flip 
will  be  found  in  a flanting  direftion  j a5'  all  thefc 
feclions  generally  cut  tranfverfely,  or  right  acrofs 
the  bed  of  the  ftrata,  or  nearly  fo.  I obferved 
before, 'that  every  flip  of  the  coal  metals  has  a 
vife,  or  veftigia,  which  points  out  to  a fldlful  eye 
which  way  the  metals  are  thrown  out  of  their 
former  courfe,  or  level ; and  this  vife  is  generally 
fome  imperfed  remains  of  the  coal  ; a foft 
footy-lilce  fubftance,  or  elfe  fome  fpecies  of  clay 
contained  in  the  joint  betwixt  the  two  Tides  of 
the  fifliire  of  the  flip.  In  an  up  flip,  the  coal 
begins  firft  to  be  cut  off  at  the  pavement,  and  fo 
upwards,  by  degrees,  until  all  the  coal  is  loft,  in 
which  cafe  the  vife  leads  up  into  the  roof ; and 
on  the  contrary,  when  it  is  a down  flip,  the  coal 
is  firft  loft  at  the  roof,  and  fo  downwards,  by  de- 
grees, or  in  a flanting  direftion,  until  the  coal  is 
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quite  loft  at  the  pavement ; in  which  cafe  the  vlfe 
ftrikes  down  into  the  pavement ; and  this  makes 
the  vife  of  fmgular  ufe  to  fatisfy  us  which  way 
the  coal  is  thrown  off  its  former  level ; and  it  is 
a guide  to  lead  us  the  right  way  to  find  it  again. 
Sometimes  the  roof  preffes  down  upon  the  coal, 
and  cuts  off  much  of  its  thicknefs,  without  any 
flip  or  hitch.  This,  in  fome  places,  will  be  of 
feveral  fathoms  extent,  and  in  others  no  broader 
than  the  bottom  of  a pot.  In  fome  places,  with- 
out any  apparent  caufe,  the  coal  turns  foul,  and 
mixed  with  Hone  or  clay,  fo  as  to  be  good  for 
little  or  nothing,  -for  a lefs  or  greater  extent. 

II.  The  fecond  great  interruption  of  the  re- 
gularity of  the  ftrata,  and  trouble  met  with  in 
working  coal,  is  a dyke.  Dykes  are  very  com- 
monly found  in  many  coal- works,  and  they  are 
of  various  kinds,  fuch  as,  17?,  Dykes  of  bafaltes, 
or  other  hard  ftone,  which  are  commonly  called 
'whin  dykes  : 2d,  Dykes  of  imperfect  ftone  : 
Dykes  of  clay  ; in  fome  of  which  the  clay  is 
chiefly  of  a homogeneous  quality,  and  in  others 
it  is  compounded  or  mixt  with  gingle,  gravel, 
&c. ; 4//6,  Dykes  of  gingle  and  of  gravel,  with- 
out any  mixture  of  clay  : And  ^th.  Dykes  of 
fand. 

I fuppofe  that  this  fpecies  of  coal-trouble  was 
firft  called  dyke  from  the  refemblance  of  fome  of 
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the  lelfer  hard  ones  to  a ftone  wall,  or  ftone 
dyke,  fome  of  them  being  no  thicker  than  a 
common  garden  wall ; however,  thefe  dykes  vary 
greatly  in  thicknefs  as  well  as  in  quality,  and  the 
matter  of  which  they  are  compofed.  They  vary 
in  thicknefs  from  two  or  three  inches  up,  to  a 
great  many  fathoms  j in  fome  inftances,  too 
many  fathoms  to  be  crofs  cut,  or  pierced  through 
with  a mine ; in  which  cafe,  they  are  obliged  to 
abandon  the  prefent  pits,  and  to  fearch  for  the 
coal  upon  the  other  fide.  But  thefe  prodigious 
unconquerable  dykes  are  not  frequently  met  with. 

A dyke,  in  the  natural  hiftcry  of  the  fuperficies 
of  the  globe,  may  be  called  a crack,  fiffure,  or 
chafm  in  the  ftrata ; the  concavity  of  which 
chafm  is  filled  up  commonly  with  foreign  hete- 
rogeneous matter,  which  appears  to  have  been 
carried  there  by  water,  and  poured  in  when  the 
fubftance  of  which  the  dyke  is  compofed  was  in 
a fluid  ftate. 

Some  dykes  of  njohin^  and  of  other  ftones,  are 
fo  hard  that  every  inch  of  them  in  driving  a mine 
muft  be  blafted  with  powder.  Befides  thefe 
dykes  of  compafl  and  indurated  rock,  there  are 
others  which  are  compofed  of  fofter  and  more 
imperfeft  ftone,  fometimes  refembling  fragments 
of  the  neighbouring  ftrata  packed  into  the  cavity 
betwixt  the  Tides  of  the  chafm,  and  others  are 
. compofed  pf  an  indigefted  mafs  of  imperfeft 
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flony  matter.  There  are  fome  of  the  hard  ftone 
dykes  found  pretty  dry,  even  at  a confiderable 
depth  below  ground,  and  others  are  full  of  open 
cracks  and  cutters,  and  fome  of  them  have  a Ion- 
I gitudinal  filTure  in  the  middle  of  the  dyke ; thefe 
often  let  down  a confiderable  quantity  of  water. 
The  dykes  compofed  of  fragments  of  imperfefl: 
ftrata,  refembling  fome  of  the  coal  metals,  are  fel- 
dom  very  dry. 

The  clay  dykes,  both  the  homogeneous  and 
the  compounded,  are  generally  very  dry  ; but  on 
the  contrary,  the  gingle,  gravel,  and  fandy  dykes 
always,  at  confiderable  depths,  produce  a great 
quantity  of  water,  and  efpecially  below  level,  in 
flat  and  plain  fituations.  At  the  fame  time,. it 
may  be  of  ufe  to  remark,  that  if  one  of  thefe 
gingle  or  gravel  dykes,  or  any  others  compofed 
of  open  loofe  materials,  happen  to  crofs  a glen, 
or  dingle,  or  to  point  towards  any  low  river,  it 
may  happen  to  drain  the  coal,  and  render ' the 
field  dry,  and  comeat  able  as  low  down  as  that  river 
or  valley. 

Dykes  do  not  throw  the  coal  feams  and  other 
ftrata  off  their  former  levels  like  the  flips  ; but 
on  the  contrary,  when  a dyke  is  pierced  through 
with  a mine,  the  coal  is  commonly  found  upon 
the  fame  level  as  where  it  was  loft  upon  the  other 
fide.  There  are  indeed  fome  dykes  which  throw 
the  coal,  he.  a little  off  the  former  level,  and 
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thefe  I will,  for  diftinftion’s  fake,  call  Jlip  dykes, 
Thefe  flip  dykes  differ  nothing  in  appearance,  or 
in  any  point  of  defcription  from  the  others  which 
leave  the  coal  upon  the  fame  level,  but  that  they 
throw  it  lefs  or  more  off  the  fame  level. 

Dykes  appear  varioufly  when  you  ftrike  them 
firfl.  Sometimes  the  coal  continues  good  and 
clean,  until  it  is  entirely  cut  off  by  a wall  of  flone, 
that  meets  the  collier  full  in  the  face.  At  other 
times,  that  is,  in  other  dykes,  they  meet  with 
foul  coal  feveral  feet,  and  in  fome  places  even  fe- 
veral  fathoms  before  they  touch  the  dyke.  The 
foul  coal  upon  the  face  of  a dyke  is  plentifully 
mixed  with  fand,  and  other  particles  of  ftony 
matter,  which  renders  it  unfit  for  ufe.  This  is 
commonly  called  in  fome  places  burnt  coal,  the 
quantity  of  which  upon  the  face  of  the  , dyke 
varies  greatly  in  different  places.  Upon  fome 
dykes  there  will  not  be  above  two  or  three  feet 
of  bad  coal,  and  upon  others  there  will  be  two  or 
three  fathoms,  or  more.  I have  feen  above  four 
fathoms  upon  both  fides  between  the  clean  coal 
and  the  ftone  dyke.  There  is  no  vife  or  joint  in 
the  dyke  to  lead  them  through  it  to  the  coal  up- 
on the  other  fide,  as  m the  flip ; on  the  contrary, 
a folid  body  of  ftone  meets  them  in  the  face, 
which  exhibits  no  manner  of  veftige  or  leader 
whatever  to  point  out  which  way  the  coal  is 
gone,  and  therefore  they  are  obliged  to  drive  a 
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mine  through  a dyke  at  all  adventures,  without 
being  able  fo  much  as  to  guefs  at  the  thicknefs 
of  it,  until  they  find  the  coal  upon  the  other  fide. 
However,  when  they  have  once  pierced  a dyke 
by  driving  a mine  through  it,  they  have  then  a 
near  guefs  what  it  will  be  when  they  meet  with 
it  in  another  part  of  the  field. 

Some  of  the  ftone  dykes  are  fo  hard,  as  I 
hinted  before,  that  a mine  in  them  can  only  be 
made  with  the  help  of  gun-powder,  and  others,  on 
the  contrary,  are  fo  foft,  and  the  ftone  they  cut 
through  fo  tender  and  rotten,  that  every  foot  of 
the  mine  muft  be  lined  or  fupported  with  timber. 
Thin  dykes,  which  do  not  fpoil  the  coal  much, 
are  commonly  eafy  to  be  got  over,  but  it  is  gene- 
rally a work  of  much  time  and  expence  to  pierce 
through  fonie  of  the  greater  dykes ; and,  as  I 
obferved  before,  fome  few  of  them  are  fo  very 
thick  that  they  prove  an  infurmountable  barrier, 
fo  as  to  oblige  them  to  fearch  for  the  coal  upon 
the  other  fide. 

The  clay  dykes  are  geriefally  pretty  eafily 
pierced,  but  the  mines  driven  in  the  clay  are 
not  always  fo  eafily  fecured.  It  is  often  exceed- 
ingly difficult  to  drive  a mine  through  fome  of 
the  gingle,  gravel,  and  fand  dykes,  and  efpecially 
at  confiderable  depth  below  level,  as  they  then 
contain  a great  deal  of  water,  which  difturbs  and  • 
retards  the  progrefs  of  the  miners. 
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lil.  A gall  or  gaJJj  is  very  frequently  met  with 
in  coal-works.  A gafli  is  a crack  or  chafm  in 
the  coal,  and  in  the  concomitant  ftrata  above  and 
below  the  coal.  Thefe  galls  or  gaflies  vary 
greatly  from  one  another  in  magnitude,  and  in 
their  mifchievous  effeds.  Some  of  them  prove 
only  to  be  a fmall  chafm  or  crack,  which  does 
Httle  more  harm  than  to  entender  and  fpoil  a 
fmall  quantity  of  the  coal  upon  both  fides  of  the 
gafh.  Thefe  are  foon  got  over,  the  coal  being 
always  found  upon  the  fame,  or  nearly  upon  the 
fame  level  on  both  fides  of  the  trouble  ; but,  on 
the  contrary,  many  of  the  wider  gafhes  prove 
very  troublefome  and  expenlive.  The  chafms  or 
hlfures  between  the  fides  of  the  larger  gaflies  are 
generally  filled  with  fand,  gravel,  clay,  and  other 
loofe  matter,  which  will  run  down  upon  the 
workmen,  and  choke  up  the  mine  they  are  pufli- 
ing  through,  if  they  negledt  to  fecure  every  inch 
of  it  with  timber  as  they  advance  ; for  if  it  once 
begins  to  run,  it  may  prove  difficult  to  flop  it, 
and  it  may  bring  fuch  a prefs  or  weight  upon 
the  mine,  that  they  may  not  be  able  to  fecure  it 
afterwards  ; and,  therefore,  the  befl:  w'ay  is  to 
take  it  in  time,  and  to  fecure  it  with  timber,  ftep 
by  ftep,  as  they  advance,  and  to  fet  their  timber 
lirong  and  clofe,  in  proportion  as  they  fee  that 
circumftances  require  it. 
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In  feme  coal  fields  they  meet  with  gafiies  fo 
wide  (filled  with  fand,  clay,  and  other  loofe  mat- 
ter) that  the  colliers  call  them  fand  dykes. — 
Thefe  are  often  very  wet  and  difficult  to  crofs, 
and  fometimes  altogether  impracticable. 

d’hefe  gaffies,  and  the  dykes  deferibed  above, '' 
are  fo  like  to  one  another  in  many  inftances  of 
approach,  that  fome  of  them  are  hardly  diflin- 
guilhable,  are  to  be  inveftigated  upon  the  fame 
theory  in  many  refpe£ts,  and  feem  to  me  to  have 
originated  from  the  fame  natural  caufe,  viz.  a 
crack  or  fedtion,  in  a line  acrofs  the  firata,  fuch 
as  we  fee  in  miniature  in  brick-makers  clay,  fpread 
out,  and  left  too  long  in  the  fun ; and  thefe  chafms 
being  afterwards  filled  up  with  heterogeneous 
matter  poured  in  from  the  furface  j and  this 
foreign  matter  fo  poured  in  is  the  real  dyke, 
which  feparates  the  edges  of  the  coal,  and  other 
ftrata,  from  top  to,  bottom,  where  they  are  broken 
afunder  by  fuch  chafm  or  fiffure  ; fo  that  the  only 
material  difference  which  I can  find  between  a 
dyke  and  a gafh  is,  that  the  foreign  matter  which 
fills  up  the  chafm  of  the  dyke  is  in  fome  indu- 
rated, in  others  only  dried  to  different  degrees, 
whereas  it  always  continues  loofe  and  generally 
■ very  wet  in  the  gaffies. 

In  fome  coal  fields  feveral  dykes  run  parallel 
to  one  another.  Sometimes  they  are  found  to 
be  two  or  three  hundred  fathoms  afunder,  and 
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often  much  fewer,  the  field  of  coal  being  divided 
by  them  into  fo  many  compartments,  and  each  of 
the  compartments  between  the  feveral  dykes  and 
gaflies,  are  fubjedl  to  be  difturbed  and  fubdivided 
by  flips,  fliakes, 

IV.  Another  formidable,  and  often  a very 
dangerous  interruption  to  their  progrefs  under 
ground  in  working  coals,  is  a Jhake  in  the  metals 
or  flrata  which  affedls  the  feams  of  coal,  and  all 
the  other  ftrata  above  and  below  the  coal.  The 
lhakes  alfo  vary  confiderably  from  one  another, 
■both  in  kind  and  degree.  In  fome  lhakes,  the 
^ coal  and  the  other  flirata  are  only  lhaken,  cracked, 
and  broken  to  pieces,  fpoiled  and  made  foft,  ten- 
der, and  ufelefs,  but  remain  at  or  pretty  near 
their-  former  thicknefs  and  pofition.  Thefe  are 
commonly  pretty  eafily  got  the  better  of,  being 
feldom  of  great  extent.  The  worft  and  moll 
dangerous  fliakes  are  of  two  forts,  which,  for 
diftindion  fake,  I will  call  the  vjaving  and  the 
iivijled.  ^ ■ 

In  the  waving  JJoake,  the  ftrata  are  not  entirely 
broken  and  feparated  by  a fiflTure  or  chafm,  as  in 
the  flips  and  gaflies,  &c.  but  only  fliaken,  cracked, 
and  thrown  into  great  confufion.  When  the 
coal  enters  into  one  of  the  waving  fliakes,  it  is 
feldom  or  never  altogether  loft, ' but  it  is  always 
rendered  ufelefs, — ^ commonly  very  foft,  tender, 
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and  fhattery, — fometimes  thicker,  fpinetimes 
thinner, — generally  waving  up  and  down,  yet 
preferving  nearly  the  fame  ftretch,  bearing,  and 
declivity.  Som^  of  thefe  lhakes  do  npt  continue 
long  before  the  coal  comes  in,  and  floors  again  in 
its  ufual  regularity  and  perfection ; in  other 
places  they  prove  very  wide  and  extenfive,  even 
up  to  feveral  hundred  yards,  fo  as  to  make  it 
necelfary  to  look  for  the  coal  quite  beyond  them, 
and  to  open  up  the  works  of  new. 

Some  fhakes  only  crufli  and  fpoil  the  coal, 
make  it  tender  and  bad,  but  do  not  alter  the 
thicknefs,  nor  the  bearing  and  declivity  of  it;  and 
it  generally  happens  that  this  fort  of  fliake  only 
continues  a few  fathoms ; in  whiclt  cafe,  the 
common  method  is  to  drive  two  or  more  narrow 
mines  through  it,  until  they  come  into  good  and 
firm  coal  upon  the  other  fide,  and  then  to  winn 
or  open  out  the  works  of  new.  ■ 

The  twijled  Jhake  is  often  more  dangerous  in 
its  confequences  than  the  waving,  being  fome- 
times (I  do  not  fay  always)  occafioned  by  a total 
interruption  of  the  courfe  or  bearing  of  the  coal 
metals,  where  the  coal  and  all  the  other  ftrata  of 
the  coal-field  are  entirely  cut  oflF  by  another  range 
of  ftrata,  which  are  altogether  foreign  to  the  coal. 
This  happens  at  the  extremity  of  the  coal  coun- 
try, both  in  the  longitudinal  line  of  bearing,  and 
upon  both  fides  where  other  ftrata  commence 
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entirely  of  a different  quality  ‘from  the  coal  me- 
tals. But  this  is  not  always  the  cafe.  There 
are  frequently  twilled  fhakes  to  be  feen  in  the 
middle  of  the  coal-field.  It  is  very  difficult  to 
deferibe  a twilled  fliake,  as  it  exhibits  the  ut- 
mofl  confufion  imaginable  in  all  the  extremes, 
from  the  regularity  of  the  flrata.  The  flrata  or 
metals,  in  fome  parts  of  a twilled  lhake,  appear 
waved’  and  dillorted  feveral  ways, — bent  round 
to  various  fegments  of  a circle, — dipping  this 
way  and  that  in  confufion  and  diforder  j frag- 
ments of  the  coal  and  other  llrata  appear  in  nells 
here  and  there,  without  continuity,  or  any  other 
vellige  by  which  to  trace  out  the  coal ; fo  that 
when  a large  lhake  of  this  fort  is  met  with  in  the 
middle  of  a coal-field,  the  bell  expedient  is  to 
look  for  the  coal  upon  the  other  fide  of  it,  where 
the  metals  are  found  to  floor,  and  llretch  again 
fair  and  regular. 

But  all  the  twilled  lhakes  are  not  fo  formi- 
dable. They  are  found  in  all  degrees  like  other 
coal  troubles  ; fome  of  the  fmaller  fort  can  be 
got  the  better  of  without  much  expence  of  time 
or  money,  and  without  quitting  the  prefent  pits, 
and  fome  of  them  only  continue  a few  feet, 

I fliall  here  point  out  a few  of  the  many  places 
in  the  Lothians,  where  the  lovers  of  mineral 
knowledge  may  behold  the  fuperficies  of  the  llrata 
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laid  bare  for  their  infpeftion ; where  they  may 
fee  ftrata  of  coal,  and  its  concomitant  ftrata,  both 
above  and  below,  and  likewife  ftrata  of  ball-iron 
ftone,  which  is  now  become  an  article  of  much 
value  and  confequence  in  Scotland. 

The  vertical  or  edge  feams  of  Gilmerton  and 
Loanhead  are  the  neareft  coals  to  Edinburgh,  of 
any  that  have  been  yet  difcovered  and  wrought. 

The  fuperficies  of  feveral  of  thefe  feams  of 
coal,  and  of  their  concomitant  ftrata,  are  to  be 
feen  when  the  tide  is  out,  within  flood  mark, 
between  Edinburgh  and  Mufielburgh,  near  Dud-r 
dingfton  fire-engine ; and  there  is  a pretty  good 
feftion  of  them  to  be  feen  in  the  high  road 
(upon  the  left  hand)  from  Edinburgh  to  Dal- 
keith, betwixt  the  parks  of  Drum  and  Edmond- 
ftone  *.  But  the  beft  feftions  of  thefe  coals, 
and  of  the  ftrata  which  accompany  them,  are  to 
be  found  and  feen  in  the  levels  and  crofs-cut 
mines  in  the  coal-w^orks  of  Gilmerton. 

The  rivers  North  and  South  Elk,  in  Mid-Lo- 
thian, cut  through  a remarkably  rich  coal-field. 
Thefe  two  rivers  join  in  one  before  they  reach 
Mufielburgh,  where  the  united  Efl^  falls  into  the 
tide.  Though  the  two  Elks  are  but  fmall.  rivers, 

yet 
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( 40  ) 


yet  they  have  in  many  places  fcoop'ed  out  or 
worn  very  deep  channels  j and  there  are  many  fine 
fedtions  of  the  flrata  of  coal  metals  to  be  feen 
upon  their  banks  in  the  deep  ravines; 

There  are  good  and  regular  horizontal  ftrata 
of  the  coal  metals,  and  of  poft  freeftone,  to  be 
feen  in  the  bed,  and  upon  the  banks  of  the  river 
Efk  in  feveral  places,  below  the  jundion  of  the 
two  branches  of  it,  particularly  near  the  corn- 
mills  of  Cowpits  colliery,  v;here  feme  pretty  good 
fedtions  are  to  be  feen  in  quarries  upon  both  fides 
of  the  river,  dipping  towards  the  north  and 
north-wefl,  with  an  eafy  flope. 

There  are  feveral  feftlons  of  the  flat  or  hori- 
zontal coal  metals,  a little  way  above  the  ford  of 
the  Nortli  Eflc  upon  the  Newbattle  road  from 
Edinburgh,  and  likewife  below  the  ford  near  the 
iron  mills. 

The  bed  or  channel  of  this  river  is  remarkably 
deep  about  Roflin  and  Hawthornden,  where 
abundance  of  high  and  romantic  rocks  appear 
upon  both  fides ; but  thefe  rocks  will  not  afford 
much  inftruftion  in  this  fcience,  becaufe  they 
are  chiefly  compofed  of  thick  ftrata  of  poft  free- 
ftone, running  parallel  to  the  bed  jmd  courfe  of 
the  river,  which  caufes  a dull  uniform.ity  in  the 
appearance  of  thefe  rocks ; I mean  with  refpe(ft 
to  ftratification  ; but  as  the  rocky  banks  of  ^ 
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fmall  river,  they  are  abundantly  magnificent  and 
curious. 

Between  Roflin  and  Auchindinny  bridge,  there 
are  feveral  fine  and  lofty  feftions  of  the  ftrata  of 
coal  metals  upon  both  fides  of  the  river,  among 
which  there  are  feveral  thick  beds  of  red  and 
white  poll  ftone,  with  a variety  of  fuch  other 
ftrata  as  commonly  attend  coal ; and  there  are  a 
confiderable  number  of  coal  feams  both  above 
and  below  thefe  fedions,  many  of  which  have 
been,  and  continue  to  be  wrought.  The  fedtions 
of  the  ftrata  in  this  part  of  the  river  lie  flat  or 
horizontal,  and  in  fome  places  thefe  flat-lying 
ftrata  dip  a little  towards  the  fouth-eaft,  and  in 
other  places  towards  the  north-eaft.  This  diver- 
fity  and  oppofition  of  dip  or  declivity  is  occafioned 
by  the  waving  of  the  ftrata  up  and  down,  which 
is  a very  comnlon  incident  where  the  ftrata  lie  very 
fiat,  or  nearly  level  with  the  horizon.  There  is  to 
be  feen  in  a quarry  about  a quarter  of  a mile 
above  Roflin,  and  alfo  near  Auchindinny,  upon  the 
north  fide  of  the  river,  a regular  continuous  feam 
of  coal,  only  about  one  or  one  and  a half  inch 
thick,  with  very  ftrong  thick  beds  of  poll  ftone 
above  it ; and  I know  that  there  are  feveral 
thick  feams  of  coal  both  abbve  and  below  this 
thin  one,  fome  of  which  are  now  working. 

There  are  alfo  a variety  of  ftrata  lying  in  vari- 
ous pofitions  between  Auchindinny  and  Penny- 
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euick.  About  two  hundred  yards  above  Auchin- 
dinny  bridge,  in  the  bed  of  the  river,  we  fee  the 
vertical  and  the  horizontal  ftrata  in  the  fame 
place,  the  edge  metals  occupying  the  north,  and 
the  fiat  ones  the  fouth  fide  of  the  bed  of  the 
river.  This  fpot  deferves  the  examination  of  the 
curious,  as  it  determines  the  place  and  manner 
of  their  coming  in  contadt  in  this  part  of  the 
country. 

Some  of  the  foundations  of  the  cotton  mill  at 
Pennycuick,  and  of  the  water  courfes,  are  cut 
pretty  deep  in  horizontal  coal  metals,  where  they 
have  cut  through  one  regular  feam  or  ftratum  of 
coal,  about  twelve  or  fourteen  inches  thick,  which 
is  to  be  feen  betwixt  the  eafl  end  of  the  higheft 
building  and  the  bed  of  the  river. 

There  are  a variety  of  inftrudtive  particulars 
relating  to  this  fubjedt  in  the  lands  of  Pennycuick,- 
between  the  village  of  Pennycuick  and  the  lands 
of  Newhall And  there  are  various  fedtions  of 
the  flat,  and  likewife  of  the  edge-coal  metals  in 
the  river,  and  in  the  rivulets  in  the  lands  of 
Kewhall  and  Carlops.  The  horizontal  coal  ftrata 
lie  fo  very  flat  in  this  place,  and  efpecially  in  the 
farm  of  Carlops,  that  the  coal  feams  frequently 
wave  up  and  down,  which  occaftons  feveral  gently 
fwelling  ridges  and  troughs,  or  elevations  and 
deprelTions,  of  the  horizontal  ftretch  of  the  coal 
and  the  other  ftrata.  This  incident  is  known 
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with  certainty,  as  feme  of  the  flat  coals  have  beeiji 
worked  in  that  farm,  where  the  ftrata  were  found 
thus  waving  up  and  down. 

It  is  remarkable,  that  both  the  edge  and  the 
flat  coals,  with  their  feveral  concomitant  ilrata, 
preferve  their  parallelifm,  and  the  true  line  of 
bearing  from  the  fea,  until  they  reach  the  lands 
of  Carlops,  and  there  the  true  line  of  bearing  of  , 
the  coal  metals  ends,  and  they  turn  away  almofl: 
in  a right  angle  towards  the  fouth-eaft,  inftead  of 
the  fouth-wefl;  direflion,  which  was  the  former 
line  of  bearing  from  the  fea  to  this  place. 

The  edge-coal,  and  all  its  concomitant  flrata, 
appear,  and  really  are  in  the  utmofl  diforder  and 
confufion  imaginable,  when  they  arrive  at  the 
extremity  of  the  true  line  of  bearing  in  the  lands  ' 
of  Carlops,  and  they  are  dwindled  away  almoft 
to  nothing,  the  thickefl;  of  the  feams  of  coal 
being  hardly  fo  many  inches  as  they  fliould  be 
feet  thick. 

This  diforder  and  diminution  is  occafioned  by 
this  being  the  out-fldrts  of  the  coal-field  ; and 
this  confufion  of  the  ftrata  is  to  be  feen  diftinclly 
in  the  banks  of  the  river  below  the  bridge  of 
Carlops. 

There  are  abundance  of  horizontal  ftrata  to  be 
feen  in  the  bed  of  the  river  South  Eflc,  upon  the 
eaft  and  fouth  fide  of  the  town  of  Dalkeith,  be- 
twixt the  Duke  of  Buccleugh’s  and  the  Marquis 
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of  Lothian’s  parks.  Thefe  ftrata  flope  with  J 

various  degrees  of  declivity  towards  the  north-  1 

wefl,  and  in  fome  places  they  dip  towards  the  I 

north,  and  in  other  places  towards  the  weft.  1 

There  is  alfo  a variety  of  horizontal  ftrata,  and 
confiderable  fe6tIons  of  them  uppn  both  fides  of 
this  river,  between  Newbattle  and  Dalhoufie ; 

,and  about  a quarter  of  a mile  below  Dalhoufie  j 

bridge,  there  are  fome  irregular  difcontinuous  j 

* imperfed  feams  of  coal.  The  difcontinuity  of  * 

fome  irregular  beds  of  coal  is  an  incident  which  'i 

is  frequently  met  with. 

Many  rocks  and  ftrata  are  to  be  feen  in  the  j 
main  branch  of  the  river  between  Dalhoufie  and 
Temple,  all  of  them  lying  in  a horizontal  pofi? 
tion,  with  various  degrees  of  declivity. 

The  neighbourhood  of  Temple  is  one  of  the 
happieft  walks  imaginable  for  the  ftudent  of  the 
ftrata  of  coal.  He  will  there  meet  with  various  ; 
feftions  of  feams  of  coal,  and  of  their  concomi- 
tant ftrata,  appearing  fair  and  regular.  It  is  but 
rarely  that  we  meet  with  a more  complete  and 
regular  feOiIon  of  the  ftrata  of  coal  than  the  one 
to  be  feen  dole  by  the  Temple  mill,  and  not 
much  above  a hundred  yards  below  the  church. 

This  is  a fair  and  clean  horizontal  fedion,  cut 
nearly  perpendicular,  and  pretty  high,  in  which  - 
there  are  at  leaft  four  different  feams  of  coal 
diftindly  feen  dipping  a very  little  towards^  th^  i 
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N.  N.  E.  The  ftrata  in  the  neighbourhood  of 
Temple  lie  remarkably  flat.  About  a mile  above 
Temple  church,  the  fouth  branch  of  the  river 
runs  upon  the  face  of  a hard  flratum  of  rock  for 
more  than  a hundred  yards  in  our  fight,  as  upon 
a fmooth  pavement,  and  we  fee  it  running  upoA 
the  face  of  the  fame  ftone  below  the  church. 
There  are  feveral  feams  of  coal  to  be  feen  in  this 
branch  of  the  river  above  Temple  church,  dip- 
ping moftly  north,  though  fome times  the  decli- 
vity changes,  and  the  ftrata  are  found  to  dip  to- 
wards the  N.  W.  and  alfo  towards  the  N.  E. 
This  variety  of  declivity  Is  commonly  met  with 
among  horizontal  ftrata,  efpeclally  thofe  of  the 
coal  metals.  It  is  occaftoned  by  the  waving  and 
wheeling  of  the  horizontal  ftrata. 

The  north  branch  of  this  river  is  well  worth 
the  infpedion  of  the  curious. 

About  a hundred  yards  above  the  bridge,  two 
pretty  thick  feams  of  coal  appear,  and  there  are 
various  fedions  of  the  coals  and  coal  metals  to 
be  feen  In  feveral  places  for  more  than  two  miles 
up  the  river,  fome  of  w^hich  have  been  and  are 
now  working. 

The  Salifbury  Craigs,  near  Edinburgh,  are 
well  worth  the  examination  of  the  mineral  ftu- 
dent.  The  thick  bed  of  rock  at  Salifbury  Craigs, 
which  was  quarried  fome  time  ago,  is  a ftratum 
of  bafaltes,  which  is  eafily  known  by  examining 
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the  quality  of  the  ftone ; and  the  fad  may  be 
further  evinced  by  tracing  the  ftratum  to  the 
fouth  fide  of  Arthur’s  Seat,  where  the  fame  in- 

’ r 

dividual  bed  of  ftone  will  be  found  regularly 
formed  into  columnar  bafaltes  j the  columns  are 
diftind,  and  of  confiderable  length  and  magni- 
tude. When  the  examiner  has  made  himfelf 
mafter  of  the  ftretch,  bearing,  and  declivity  of 
this  particular  ftratum,  he  may  then  proceed  to 
inveftigate  the  reft  of  the  ftrata  of  Arthur’s  Seat, 
which  is  not  an  eafy  tall?,  for  a beginner,  the  whole 
hill  being  chiefly  compofed  of  diflferent  irregular 
thick  ftrata  of  bafaltine  rocks,  which  vary  in 
thicknefs  confiderably  in  different  places ; a cir- 
cumftance  common  to  bafaltes  j and,  therefore, 
on  account  of  the  difficulty  of  inveftigatiqn,  I 
would  not  advife  the  mineral  ftudent  to  begin 
a furvey  of  the  ftrata  of  this  mountain,  until  he 
is  pretty  well  advanced  in  the  knowledge  of  the 
natural  hiftory  of  ftrata  in  general. 

When  he  comes  to  examine  thefe  rocks,  he  will 
obferve,that  the  whole  hill  is  not  entirely  compofed 
of  bafaltes.  There  are  alfo  thin  ftrata  of  various 
fpecies  to  be  foUnd  among  thofe  rocks.  For 
inftance,  feveral  beds  of  free-ftone  have  been 
quarried  deep  down  upon  the  fouth  fide  of  Salif- 
bury  Craigs ; and  there  are  regular  thin  ftrata 
of  feveral  kinds  to  be  feen  immediately  above 
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and  below  the  thick  ftratum  of  rock  which  is 
properly  called  Salifbury  Craigs. 

There  is  a pretty  good  fedion  of  various  thin 
ftrata  upon  the  fouth  fide  of  the  Water  of  Leith, 
immediately  below  the  mills,  and  there  are  a 
great  number  of  thin  ftrata  to  be  feen  in  the 
bed  of  the  river,  all  the  way  down  below  the 
Mineral  Well.  Thefe  ftrata  appear  pretty  fair 
and  regular,  dipping  with  an  eafy  Hope  towards 
the  N.  W.  or  W.  N.  W. ; but  the  circum- 
ftance  which  is  beft  worth  the  infpedlion  of 
the  ftudent  in  this  place,  is  a couple  of  whin 
dykes  which  cut  the.  ftrata  afunder.  Thefe  two 
dykes  are  to  be  feen  in  the  bed  of  the  river,  one 
of  them  near  the  Mineral  Well,  and  the  other  a 
little  higher  up.  They  run  quite  acrofs  the 
river,  almoft  at  right  angles  ; and  thefe  dykes, 
or  ridges  of  ftone,  are  the  more  remarkable, 
that  thefe  fort  of  troubles,  or  interruptions  of 
the  regularity  of  the  ftrata,  are  but  feldom  met 
with  in  the  Lothians,  though  common  enough 
in  other  places. 

But  although  whin  dykes  are  not  fo  com- 
monly found  in  the  Lothian  coalleries  as  they 
are  in  fome  other  coal-fields,  yet  the  Lothians 
are  not  exempted  from  them.  A large  whin 
dyke  paffes  through  the  coals,  &c.  a little  below 
Niddry,  where  it  croffes  almoft  at  right  angles  to 
the  bearing  of  the  ftrata.  Another,  ftill  larger, 
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is  to  be  ieeri  emerging  out  of  the  fea  at  Cockenziei' 
where  it  forms  the  north  fide  of  the  little  harbourj 
and  then  rims  end-ways  through  the  country.— 
And,  in  like  manner,  feveral  other  very  large 
whin  dykes  are  to  be  feen  as  you  go  farther  to 
the  N.  E.  along  the  Ihore,  fome  of  which  form 
confiderable  ridges  of  rock  as  they  pafs  through 
the  country,  which  appear  in  many  places  high 
above  the  furface  of  the  ground  ; and  all  of  then! 
are  diftinftly  feen  to  cut  through  the  coal  metals 
in  a line  nearly  right  acrofs  the  bearing  of  the 
ftrata. 

It  may  not  be  improper,  however,  to  remark, 
that  there  is  one  circumftance  appertaining 
to  the  two  whin  dykes  in  the  Water  of  Leith, 
that  is  not  common  to  every  one  of  the  kind, 
which  is,  that  each  of  thefe  two  is  both  a dyke 
and  a flip  ; that  is,  the  flrata,  which  are  cut 
afunder  by  the  dyke,  are  not  here  found  upon 
the  fame  level  on  both  fides  of  the  dyke,  which 
happens  in  rnoft  (though  not  in  all)  others  of  the 
fame  kind.  Thefe  dykes,  which  throw  the  flrata 
off  the  ordinary  level,  may  properly  enough  be 
called  flip-dykes. 

There  are  a great  variety  of  flrata  further  up 
in  the  river  Leith,  about  Slateford,  Collington, 
Currie,  and  flill  farther  up,  and  fome  pretty  good 
fesffions. 
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a There  are  various  fe£tions  of  the  ftrata  to  be 

i 

feen  upon  the  banks  and  in  the  bed  of  the  river 
Almond,  particularly  all  the  >vay  between  the  fea 
and  Cramond  bridge,  and  farther  up,  all  the  way 
till  within  three  or  four  miles  from  Calder.-, 

, There  are  good  fedlions  of  the  ftrata  in  the 
branch  of  that  river  which  runs  upon  the  fouth 
fide  of  Calder,  above  the  bridge,  and  efpecially 
above  the  houfe  of  Calderhall,  and  ftill  farther  up 
towards,  the  moors.  About  half  a mile  below 
the  fouth  bridge  of  Calder,  there  croffes  the  river  a 
thick  ftratum  of  coarfe  limeftone,  which  contains 
fome  lead  ore  in  grains  and  flowers, , blended  in 
the  compofition  of  the  ftone ; but  it  does  not 
appear  in  fuch  quantity  as  to  be  worth  working. 

. A.  confiderable  variety  of  ftrata  -are  to  be  feen 
in  the  north  branches  of  the  river  Almond, 
above  Calder,  and  among  them  feveral  coals, 
fome  of  which  have  been  worked,;  and  there 
are  fome  pretty  good  fedions  of  coals,  and  their 
concomitant  ftrata,  in  the  branch  of  that 'river 
called  Breich. 

There  ,is  a fine  fedion  of  two  feams  of  coal, 
and  of  the  ftrata  accompanying  them,  to  be  feen 
in  the  free-ftone  quarry  upon  the  eaft  fide  of  the 
fiver  near  Cranfton. 

• I 

t 

The  county,  of . Fife  is  a fertile  field  for  the 
amufement  and  inftrudion  of  fuch  as  wifli  to  im- 
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prove  in  the  knowledge  of  the  natural  hiftory  of 
the  coal  country,  as  alinofl  all  the  rivulets  in 
the  county  exhibit  feftions  of  feams  of  coal  and 
their  concomitant  ftrata. 

There  are  many  fedions  of  the  coal  metals  to 
be  feen  upon  both  Tides  of  the  Forth,  above  and 
below  Inchkeith.  ' ' 

The  river  Clyde,  and  its  numerous  branches 
on  both  Tides,  cut  and  interfeQ:  an  extenlive  coal 
country,  where  a variety  of  fine  feftions  are  to  be 
feen  ; and  there  are  magnificent  fedlions  and  ro- 
mantic fcenes  in  the  channel  of 'that  river,  be- 
tween Hamilton  and  Carftairs. 

Almoft  the  whole  county  of  Ayr  abounds  in 
coal,  and  it  alfo  abounds  in  fcenes  proper  for 
the  amufement  of  the  mineral  ftudent.  All  the 
rivers,  and  almoft  all  the  rivulets  of  that  country, 
exhibit  fine  feftions  of  the  ftrata,  and  particularly 
the  river  Ayr  and  its  feveral  branches. 

I have  now  pointed  out  a fufficient  number  of 
local  examples  of  fedtions,  and  of  regular  ftrata, 
and  the  places  where  they  are  to  be  found  in  the 
Lothians,  &c.  When  once  a fpirit  of  enquiry 
about  thejfe  matters  is  excited  among  young 
gentlemen,  they  will  then  be  forward  to  look 
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out  for  more,  and  they  will  eafily  find  as  many 
as  they  can  wifh  for. 

The  coal  fields,  or  coal  countries,  are  not  the 
only  places  where  we  meet  with  regular  flrata. 
There  are,  befides  the  coal-fields,  numberlefs  fine 
and  regular  feftions  of  them  to  be  found  in  the 
rivers,  and  efpeclally  upon  the  fhores  of  the 
ocean,  all  round  the  ifland  of  Britain,  and  parti- 
cularly round  the  Highlands  and  north  of  Scot- 
land ; and  of  all  places  in  the  Highlands  and 
north  of  Scotland,  Caithnefs  is  the  moft  remark- 
able. The  fea  coaft  of  Caithnefs  is  fmgular  for 
magnificent,  extenfive  and  lofty  feftions  of  re- 
markably thin  and  uncommonly  regular  ftrata  ; 
and  though  the  flrata  upon  the  fhores  in  Jome 
parts  of  Galloway,  particularly  in  the  ftewartry 
of  Kircudbright,  are  regular  and  lofty,  yet  they 
are  not  generally  fo  thin  as  thofe  of  Caithnefs. 

In  both  thefe  places,  efpecially  upon  the  Ibuth- 
eafl  coafl  of  Caithnefs,  and  in  the  parifli  of  Col- 
vend  in  Galloway,  the  fludent  has  an  opportuni- 
ty of  viewing  and  contemplating  regular  flrata 
for  miles  in  length,  where  he  will  not  only  fee 
beds  of  flone,  Avhich  exhibit  a great  variety  as  to 
thicknefs,  colour,  and  other  external  appearances, 
lyingyirafum  fuper  Jiratum^  as  he  advances  along 
fhore,  with  various  degrees  of  flope  or  declivity  ; 
but  he  will  alfo  have  an  opportunity  of  viewing 
and  of  invefligating  a great  many  of  the  troubles, 
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breaks,  and  irregularities  of  the  ftrata,  fuch  as 
dykes,  flips,  fhakes,  &c. 

' Thefe  extenfive  and  lofty  fe£lions,  or  cliffs, 
may  be  called  the  anatomy  of  fome  parts  of  the 
mineral  kingdom,  where  the  fludent  can  fee  fome 
parts  of  his  fubjeO:  diflecled  and  laid  open  for  his 
examination.  ' ‘ ' 

■’  Among  a great  variety  of  other  particulars  tq 
be  feen  in  the  two  diflrids  under  review,  are  a 
great  number  of  caves  or  caverns  of  diflferent: 
magnitude  and  length.  Some  of  thefe  caves  are 
exceeding  wide  and  high,  others  of  them  are  of 
middling  and  of  leffer  dimenfions.  Again,  fome 
of  them  are  only  a large  and  fpacious  cavern,  a^ 
and  near  the  mouth,  but  are  of  no  longitudinal 
extent,  that  is,  do  not  pufh  far  in,  and  others  of 
them  pufli  a great  way  in  under  the  land.  It  i^ 
a remarkable  fa£t,  which,  in  my  opinion,  deferve^ 
to  be  noted,  that  each  of  thefe  caves  or  caverns 
is  a real  mineral  vein,  and  the  moil  of  them,  if 
not  all,  are  real  flips  in  the  ftrata,  fuch  as  were 
defcribed  above  in  the  coal  metals.  The  mofl; 
of  thefe  are  what  is  called  by  miners  rake  veins y — 
by  naturalifts,  perpendicular  mineral  fiflures  ; and 
it  is  a faft  which  I have  feen,  and  deferves  farther 
to  be  noted,  that  a conftderable  number  of  thefe 
veins  in  both  places,  but  moft  at  Colvend,  coil- 
tain  copper  ore,  which  may  in  time  become  va- 
luable. 

“ ' Many 
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Many  of  the  caves  upon  the  fea  fhores  of 
Caithnefs,  are  the  common  lying-in  hofpitals  for; 
the  feals,  where  they  go  to  bring  forth  their 
young,  and  to  fuckle  them  until  they  are  fit  to 
fwim,  and  many  of  them,  both  young  and  old, 
are  taken  in  thefe  caves  by  the  country  people, 
who  furprize  them  at  night  wjth  lights,  and  Ipock 
them  on  the  head,  and  fometimes  thefe  people  are 
hurt  by  the  feals,  who  make  a defperate  refif- 
tance,  and  many  of  them  efcape  by  mere  force. 

The  cliffs,  in  many  • parts  of  the  Weft  High- 
lands and  Ifles,  referable:  very  much  the  fliores  of 
Caithnefs  and  Galloway,  ^nd  almoft  every  confi- 
derable  rivulet  in  feveral  parts  of  the  Highlands 
has  cut  through  many  regular  and  curious  fedions 
of  the  ftrata,  and  niany  of  the  Highland  rocky 
mountains  exhibit  fome  prodigious  cliffs  or  fec- 
tions  of  immenfe  height  and  magnitude.  In  the 
'Highlands  of  Scotland  the  mineral  ftudent  will 
meet  with  abundance  and  variety  of  amufement 
and  inftrudion,  that  can  hardly  be  met  with  any 
\vhere  elfe. 

Though  the  examples  of  ftratification  I have 
here  pointed  out,  may  be  deemed  a digreffion, 
when  treating  of  the  natural  hiftory  of  coal,  I, 
however,  think  thefe  a piece  of  neceffary  infor- 
mation to  a mineral  ftudent. 
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When  young  gentlemen  defcend  into  the  rU 
vers  and  glens,  and  other  places  in  the  coal  coun- 
try, or  elfewhere,  to  improve  themfelves  in  the 
knowledge  of  the  ftrata,  and  come  to  examine 
various  feftions,  it  may  be  proper  for  me  to  drop 
a few  hints  about  the  different  forts  of  fe£tions  of 
the  ftrata,  and  how  they  are  to  diftinguifh  one 
feftion  from  another.  There  appear  to  be  three 
different  forts  of  fedipns  of  the  ftrata  : ift.  The 
level  or  parallel  fedion  ; — 2d,  The  right-angled  fec^ 
flgn  • — and  3d,  The  oblique^  or  diagonal  fedion. 

iji.  The  level  fedion  is  one  that  runs  in  a line 
parallel  to  the  bearing  of  the  ftrata.  When  we  are 
viewing  one  of  thefe  parallel  fedions,  we  fee  the 
edges  of  the  feveral  ftrata  lying  flat  or  level  before 
us ; and  icvhen  we  face  fuch  a fedion  at  right  angles, 
fo  as  the  righffand  left  hand  are  equally  near  the 
face  of  the  rock,  the  declivity  'then  is  in  a right 
line  from  the  eye  acrofs  the  ftrata,  and  the  dip  is 
in  a right  line  either  down  towards  the  foot,  or 
away  from  the  eye  ; and  if  the  ftrata  lie  very  flat, 
it  may  fometimes  be  difficult  to  know  which  way 
the  ftrata  decline  in  fuch  a fedion,  as  perhaps  no 
fenfible  Hope  appears  any  way. 

2d,  The  right-angled  fedion  is  one  that  is  cut 
in  a line  right  acrofs  the  bearing  of  the  ftrata, 
and  parallel  to  the  declivity,  or  in  other  words’, 
this  fedion  is  in  a right  line  from  crop  to  dip. 
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When  we  face  one  of  thefe  feftions,  fo  as  to 
bring  the  right  and  left  hand  equally  near  to  it, 
then  a line  drawn  ftraight  forward  from  the  eye 
is  a dead  level  line,  which  runs  parallel  to  the 
bearing  of  the  ftrata.  This  right-angled  feftion. 
is  more  entertaining  and  inftruftive  than  the  for- 
mer, for  in  this  we  not  only  fee  the  various  kinds 
of  ftrata  difpofed  in  a regular  order,  Jlratu7n  fuper 
Jiratum,  for  our  examination,  but  we  alfo  fee  the 
degree  of  flope  or  declivity  of  the  feveral  ftrata. 

In  this  fedion  we  fee  the  one  fide  or  edge  of 
each  ftratum  dipping  downwards  quite  out  of 
our  fight,  and  the  other  fide  or  edge  riling  up 
quite  to  the  day,  or  to  the  clay  or  other  cover, 
if  the  fuperficies  of  the  ftrata  happen  to  be  co- 
vered in  that  place. 

3t/,  The  oblique,  or  diagonal  feftion,  is  more 
difficult  to  be  defcribed  or  explained  with  preci- 
fion  than  either  of  the  former  two,  becaufe  it 
may  be  fo  various,  or  may  run  in  fo  many  diago- 
nal directions  or  collateral  lines  acrofs  the  bear- 
ing and  declivity  ; and,  therefore,  I fliall  only  in 
general  obferve,  that  fome  of  thefe  feftions  may 
approach  pretty  near  to  the  parallel  or  horizon- 
tal feftion,  and  yet  have  a fmall  degree  of  flope 
or  obliquity,  and  others  may  approach  pretty 
near  to  the  right  angled  feftion,  and  yet  not  be 
quite  parallel  to  the  declivity,  or  be  in  a right 
line  from  crop  to  dip,  though  near  it. 
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It  is  to  be  liippofed,  that  there  are  a greater  j 
number  of  thefe  oblique  or  collateral  fedidns 
than  there  are  of  the  parallel  or  right  angled^ 
becaufe  all  thofe  that  are  cut  in  any  poffible  acute 
or  obtufe  angle  or  line  between  the  other  two,’ 
muft  come,  under  this  denomination  or  defcrip- 

tion.  • 

With  refped  to  the  firft,  that  is  the  -parallel  ■ 
fe£tion^  it  may  be  impradicable  to  determine  the 
degree  of  Hope  or  declivity  of  the  ftrata,  even 
with  an  inftrument,'  becaufe  yoii  only  fee  the  ; 
edges  of  the  feveral  beds  of  ftone,  or  others/ 
facing  you  in  level  or  parallel  lines.  If  it  be  a 
fairj  regular,  and  uniform  fedion,'  perhaps  the 
beft  rule  then  for  judging  of  the  degree  of  decli- 
vity, efpecially  if  the  Hope  is  right  away  from  ; 
the  eye,  is  to  confider  the  pofition  of  the  face' 
of  the  fedlion.  If  it  Hands  nearly  perpendi- 
cular, we  may  generally  conclude  that  the  pofi-  ' 
tion  of  the  ftrata  is  nearly  horizontal.  If  the 
face  of  the  fedion  leans  back  with  a confider- 
able  Hope,  and  the  foot  of  the  rock  advances  for- 
ward towards  your  foot,  you  may  then  conclude 
that  the  ftrata  decline  away  from  you  with  a con- 
fiderable  or  proportionable  degree  of  Hope,  as  the 
feveral  tranfverfe  fiflures  which  occafion  fuch‘ 
regular  fedions,  are  generally  cut  acrofs  at  rig"ht‘ 
angles  to  the  bed  of  the  ftrata.  If  the  declivity 
lean  forward  towards  the  eye,  you  ^\dll  then  fee  the 
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edges  of  the  ftrata  hang  down  towards  you,  and 
then  you  can  judge  of  the  degree  of  Hope..  When 
the  Hope  is  down  towards  you,  fuch  feQiions  ge- 
nerally overhang  a little. 

With  refpedt  to  the  fecond,  that  Is  a right-angled 
feclhn,  you  can  take  the  degree  of  the  declivity 
of  the  ftrata  In  It  at  once,  as  a line  ftretched  from 
crop  to  dip  along  the  face  of  any  individual  ftra- 
tum  in  the  fedion,  will  be  exactly  parallel  to  the 
Dope  or.  declivity  of  the  ftrata.  • 

But  it  cannot  fo  eafily  be  determined  what  Is 
the  degree  of  Hope,  or  declivity  of  the  third,  or 
diagonal  feciioh^  becaufe  the  fedtion  Itfelf  is  cut 
in  a collateral  line,  and  it  cannot  be  determined 
at  once  without  examination  hqw  far  this  line  is 
upon  one  fide  or  other  of  the  line  of  bearing,  or 
upon  one  fide*  or  other  of  the  line  of  declivity, 
which  two  lineSj  that  is  the  bearing  and  declivity, 
form  a right-anglel 

All  that  I have  yet  advanced  on  this  fubject, 
relates  only  to  what  may  be  called  regularly  dif- 
pofed  ftrata,  and  to  fuch  accidents  as  locally 
difturb  and  break  through  that  regularity. 

But’  it  may  be  proper  to  enquire  whether  or 
not  all  the  rocks  which  compofe  the  fuperficies 
of  our  globe  are  regularly  ftratified,  or  if  there 
are  certain  fpecies,  claffes,  or  arrangements  of 
rocks  which  are  always  found  ftratified,  and 
others  that  are  not, 
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With  refpedt  to  ftratification,  the  materials 
■which  compofe  the  fuperficies  of  the  globe,  may 
be  divided  into  three  clafles  : Such  as  are 

always,  or  at  leaft  generally  found  regularly  ftra- 
tified  ; 2d,  Such  as  are  partly  and  imperfedly 
flratified  ; and  ■^d.  Such  as  are  feldom  found  ftra- 
tified  at  all.  ‘ ■ 

Of  the  firil  fort  are  all  the  coal  metals,  moft 
of  the  argillaceous  ftrata,  the  generality  of  lime- 
flones,  and  many  of  the  indurated  mountain 
rocks  of  feveral  fpecies. 

Of  the  fecond  fort  are  many  of  the  mountain 
limeftones,  which  are  extremely  irregular,  both 
as  to  the  thicknefs  of  the  ftratum,  and  as  to  the 
continuity  of  it  in  the  line  of  bearing ; and  many 
of  the  bafaltine  rocks  fo  frequently  met  with  in 
the  Lothians,  Fife,  and  other  parts  of  Scotland, 
are  likewife  very  irregular  in  thicknefs  and  in 
continuity  upon  the  line  of  bearing.  Both  of 
thefe  are  fo  irregular  in  this  refpeft,  that  fometimes 
they  fwell  out  to  an  enormous  thicknefs,  and  a 
little  way  forward,  upon  the  longitudinal  line  of 
bearing,  they  are  found  dwindled  away  to  almoil 
nothing,  and  two  or  three  hundi'ed  yards  farther 
forward,  ftill  upon  the  fame  line,  the  fame  in- 
dividual ftratum  will  fwell  out  again  to  various 
degrees  of  thiclmefs.  Many  of  the  mountain 
limeftones  exhibit  the  fime  irregularity. 
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Of  the  third  fort  are  many  mountains  of  gra- 
nite in  the  Highlands  of  Scotland,  and  many  other 
places.  It  is  no  uncommon  thing  to  fee  granite 
rocks  fo  perfeftly  free  from  any  marks  of  ftra- 
tification,  that  there  is  no  difference  between  a 
fmall  folid  mafs  of  that  flone  and  a moi^ntain, 
except  only  in  magnitude,  the  whole  mountain 
being  one  prodigious  mafs  of  folid  flone,  without 
any  divifion  of  flrata. 

.4 

There  are  alfo  fome  other  rocks  befides  the 
granite  mountains  which  have  very  little  appear- 
ance of  llratification.  Such,  for  inflance,  are 
fome  little  hills  of  mountain  limeflome,  which  we 
meet  with  in  the  Highlands  and  other  places, 
and  likewife  little  hills  of  bafaltes,  which  we  fee 
forming  little  iflands  in  the  frith  of  Forth,  in. 
many  parts  of  the  Lothians,  Fife,  and  other  parts  - 
of  Scotland. 

Many  of  the  rocks  which  may  be  called  regu- 
larly ftratified,  have  in  fome  places  very  great 
imperfedions  in  the  flrata. 

Some  of  thefe  are  imperfefl  in  point  of  conti- 
nuity, and  fuch  either  fail  entirely,  and  are  loft  in 
the  longitudinal  line  of  bearing,  or  elfe  turn 
thinner  or  worfe  In  quality  In  the  fame  line, , 

Others  are  found  to  refemble  a wedge,  and 
fuch  a flratum  will  be  found  pretty  thick  at  the 
furface,  but  as  it  goes  down  towards  the  dip,  it 
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wears  thinner  and  thinner  until  it  comes  to  an 
edge,  when  it  foon  ends  in  nothing. 

Some  again  are  found  of  a good  thicknefs 
below,  which  wear  thin  as'  we  come  upwards, 
and  at  lall  come  to  a thin  edge,  and  end  in  no-i 
thing  before  they  come  up  to  the  furface. 

Some  particular  ftrata  are  found  irregular, 
wear  thicker  and  thinner,  and  are  fometimes 
entirely  loft  in  advancing  upon  the  longitudinal 
line  of  bearing,  as  well  as  in  going  down  upon 
the  line  of  declivity. 

Again,  there  are  forhe  ftrata  fo  imperfect,  that 
they  refemble  a double  wedge,  that  is,  fuch 
ftrata  are  found  irregular,  and  fail  in  continuity 
both  ways,  and  do  not  ftretch  fo  far  as  the  regu- 
. lar  ftrata  which  accompany  them.  Thefe  are 
found  to  be  thick  in  the  middle,  and  to  wear 
thinner  and  thinner,  and  end  in  nothing,  as  we 
advance  both  ways  upon  the  line  of  bearing.— 
There  are  many  other  inftances  of  imperfect  ftra- 
tification  too  tedious  to  be  inveftigated  here. 

I Ihall  now  enquire  whether  a ftratum  of  coal 
found  but  thin  at  the  crop  or  furface  of  the 
ground,  will  grow  to  be  a thick  feam  farther 
down  towards  the  dip  ? 

A feam  of  coal  is  found  fully  as  thick  in  the 
fuperficies  of  the  ftrata  as  it  is  farther  down. 
When  once  a feam  of  coal  is  difcovered  at  or 
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jiear  the  furface-  of  the  ground,  if  it  appears 
jbvhen  difcovered,  or  is  afterwards  by  trials 
brought  fairly  between  regular  roof  and  pave- 
ynent,  it  may  be  taken  for  granted  that  it  is  then 
at  its  full  thicknefs,  and  would  not  increafe, 
though  you  fhould  fink  twenty  fathoms  in  it. 

There  are  particular  inftances  of  coals  being 
thicker  below  than  above,  and  alfo  of  their  be- 
tng  thicker  above  than  below ; but,  in  general, 
they  are  at'  full  thicknefs  when  found  between 
roof  and  pavement. 

In  a confiderable  coal-field,  there  are  a great 
number  and  variety  of  feams  of  coal  cut  through 
in  bringing  up  levels,  in  driving  crofs-cut  mines, 
and  in  finking  pits.  Some  of  thefe  feams  of 
coal  are  of  very  confiderable  thicknefs,  and  others 
of  them  are  very  thin,  perhaps  not  above  two 
or  three  inches.  And  again,  many  of  them  are 
of  all  the  medium  thicknefles  between  the  two 
extremes  of  the  thickeft  and  the  thinned. 

Now  all  thefe  various  feams  are  generally  found 
to  be  very  near  the  fame  thicknefs  above  as  they 
are  below,  when  once  they  are  found  between 
folid  and  regular  rqof  and  pavement ; and  this 
is  neceflary  in  the  na.ture  of  things,  becaufe  then 
the  feam  of  coal  is  a regular  flratum  among  re- 
gular ftrata,  which  are  difpofed  above  and  below 
it,  and,  therefore,  it  fhould,  and  in  fa6t  it  does 
keep  its  flation  full  as  regularly  as  any  of  thofe 
' found 
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found  placed  above  and  below  it,  both  in  the 
longitudinal  line  of  bearing,  and  from  crop  to 
dip  in  the  line  of  declivity. 

In  Ihort,  when  a feam,  whether  it  be  thin  or 
thick,  is  once  found  fairly  bedded  betwixt  regu- 
lar roof  and  pavement,  and  is  perfectly  clean  and 
free  from  hitches,  or  any  other  troubles,  it  is  then 
at  its  full  thicknefs. 

Perhaps  thefe  affertions  may  feem  to  intimate, 
that  all  feams  of  coal  are  invariably  regular  in 
thicknefs,  both  in  the  line  of  bearing,  and  like- 
wife  in  the  line  of  declivity ; but  I would  not  wifli 
what  I have  faid  to  be  underftood  in  that  light. 
True  it  is,  that  in  common  experience  we  find 
a feam  of  coal  pretty  regular  and  uniform  in 
thicknefs  when  we  have  it  fairly  betwixt  roof 
and  pavement,  and  this  in  general  will  hold 
good,  and  may  be  confidered  in  praflice  as  a 
fixed  principle ; neverthelefs,  there  are  fome  cir- 
cumftances  and  accidents  which  alter  the  cafe, 
and  occafion  the  feam  to  vary  confiderably  in 
thicknefs. 

However,  the  maxim  will  hold  good  in  ge- 
neral, notwithfianding  thefe  accidents.  A feam 
of  coal  is  frequently  found  thicker  upon  one 
fide  of  a flip  than  the  other,  and  likewife  upon 
one  fide  than  the  other  of  a great  dyke.  The 
fame  may  be  obferved  of  fome  of  the  great 
fliakes  and  galhes.  The  fame  individual  feam 
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of  coal  feldom  preferves  invariably  the  fame 
uniform  thicknefs  to  the  extent  of  four  or  five 
miles  forward  upon  the  line  of  bearing,  though 
it  may  pretty  nearly  within  a more  limited  field 
of  only  a mile  or  two.  Great  variations  in  the 
dip  and  rife  of  a coal  frequently  affefl;  the  thick- 
nefs of  the  feam,  and  fuch  changes  in  the  de- 
gree of  dip  or  declivity  often  occur  as  we  advance 
^ upon  the  line  of  bearing,  cind  when  a feam  of 
coal  falls  fuddenly  from  higher  to  much  lower 
ground,  the  thicknefs  of  the  feam  is  frequently 
altered. 

Some  coals  are  much  more  regular  and  uni- 
form in  thicknefs  than  others.  I have  feen 
many  feapis  continue  perfectly  regular  and  equal 
in  thicknefs  for  a confiderable  extent  every  way, 
and  I have  feen  other  feams  fo  exceedingly  vari- 
able, that  you  could  not  depend  upon  finding  the 
coal  equally  thick  for  twenty  yards  together  in 
any  part  of  the  field,  and  in  fome  feams  you  can- 
not find  ten  yards  of  it  of  equal  thicknefs. 

The  common  accidents  which  we  meet  with  in 
working  coals,  fuch  as  dykes,  flips,  gaflies,  fliakes, 
&c.  frequently  occafion  their  varying  in  thick- 
nefs. 

Sometimes  the  roof  falls  down  for  a certain 
I fpace  below  its  ordinary  level,  and  prefles  the 
coal,  or  fqueezes  it  much  thinner,  efpecially  in 
jl  the  middle  of  that  fpace.  Thefe  accidents  of  the  > 
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roof  prefTing  down  nearer  the  pavement  than  it 
fhould  be,  and  fqueezing  the  coal  below  its  ordi- 
nary thicknefs,  are  of  lefs  and  greater  dimenfions; 
Some  of  them  are  not  above  two  or  three  feet 
in  diameter.  Thefe  lelfer  ones  are  like  a wart 
or  fmall  protuber^tnce  on  the  under  fide  of  the 
jftratum,  which  is  the  immediate  roof  of  the  coal,- 
and  this  protuberance  finks  down  into  the  upper 
fide  of  the  feam  of  coal  like  the  bottom  of  a 
great  pot.  Thefe  protuberances  are  called  by 
Scotch  colliers  a bonnet  cafe,  and  a pot  arfe. 

But  all  thefe  accidents  are  not  of  fuch  fmall 
dimenfions  as  the  bonnet  cafe.  Some  of  them 
are  not  only  two  or  three  feet,  but  two  or  thred 
yards  diameter,  and  fometimes  even  up  to  thirty 
or  forty  yards,  and  more.  I obferved  that  the 
fmall  ones  thruft  down  fuddenly  into  the  upper 
fide  of  the  bed  of  coal  like  the  bottom  of  a great 
pit ; but,  on  the  contrary,  the  large  ones  gene- 
rally prefs  down  gradually  with  a gentle  fwell. 

Thefe  troubles  fometimes  fqueeze  out  one 
third,  and  at  other  times  one  half  or  more  of  the 
thicknefs  of  the  coal.  They  are  frequently  of  a 
roundifii  figure,  and  they  fqueeze  out  the  coal 
thinneft:  in  the  middle  of  the  trouble,  which  rifes 
gradually  higher  as  it  extends  from  the  center, 
until  the  roof  comes  to  its  ordinary  level,  and 
the  coal  comes  to  its  ordinary  thicknefs  at  the 
outfiiirts. 
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But  the  principal  and  greateft  of  all  the  caufes 
of  the  variation  of  the  thicknefs  of  the  coal  hap- 
pens when  the  feam  approaches . the  extremity 
of  the  coal  country,  where  foreign  ftrata  com- 
mence of  a quite  different  quality  from  the  coal 
metals.  The  coal  metals,  and  efpecially  the  coal 
feams,  always  wear  thinner  and  thinner  as  they 
approach  the  outlkirts  of  the  coal  country,  as  it 
may  be  called,  that  is*the  out  boundaries  of  the 
coals  and  coal  metals.  In  this  cafe,  I.  have  feen 
feams  of  five  or  fix  feet  thick  dwindled  to  fo  many 
inches,  and  even  to  lefs  than  fo  many  inches 
at  the  extremity,  where  the  coal  metals  ended 
entirely,  and  other  different  claffes  of  ftrata  com- 
menced. 

• ■ s ' • ^ 

. The  vulgar  error  of  the  craw  coal,  as  it  is  cal- 
led in  Scotland,  frequently  proves  a dangerous 
error,  and,  therefore,  I will  explain  the  matter  in 
order  to  give  a caveat  againft  the  jsernicious  con- 
fequences  of  that  notion. 

What  is  meant  by  the  craw  coal,  is  the  crop 
coal,  or  upmoft  feam  of  coal  in  the  field,  which 
is  always  fuppofed  to  be  a thin  one. 

The  notion  of  the  craw  coal  originated  from 
the  falfe  fuppofition,  that  in  all  places  where  coal 
is  found,  a thin  feam  is  upmoft,  and  that  when 
once  a thin  feam  is  found,  you  are  fure  to  find  a 
roL,  I.'  I thick 
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thick  feam  at  a moderate  depth  below  the  thin 
one,  or  craw  coal.  This,  it  is  acknowledged, 
may  fometimes  happen,  and  indeed  it  frequently 
does  happen.  We  know  it  by  experience,  and 
therefore  it  cannot  be  denied  ; at  the  fame  time 
nothing  can  be  more  abfurd  than  to  aifert  that  it 
always  happens  fo.  That  notion  is  the  child  of 
ignorance  and  fraud.  The  ignorant  imagine  the 
alfertion  to  be  true,  becaufe  it  founds  like  fome- 
thing  they  wifh  to  be  true.  It  feems  to  give 
them  a clew  to  lead  them  at  once  through  depths 
of  knowledge  w'hich  they  have  not  yet  explored, 
and  they  either  cannot  or  will  not  take  the  trou- 
ble to  examine  the  truth  of  the  pofitioUj  and  the 
crafty  make  ufe  of  the  notion  to  lead  the  unwary 
to  throw  away  expence  upon  a bad  fubjedt. 

By  obfervation  and  real  experience,  we  know 
that  nothing  in  the  world  can  be  more  promifcu- 
ous  and  uncertain  than  the  way  we  find  the  thick 
and  thin  feams  of  coal  blended  through  one 
another  in  a coal-field  ; and  this  fadt  of  their 
being  promifcuoully  blended  together  we  know 
with  abfolute  certainty,  by  cutting  through  a 
great  number  and  variety  of  them  in  fome  exten- 
five  coal-fields,  where  we  as  often  find  a thick 
feam  upmoft  as  a thin  one,  and  we  as  often  find 
a thin  feam  below  as  above  a thick  one. 

The  truth  is,  w^e  can  form  no  true  notion  of 
their  difpofition  and  order  until  we  have  either 
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(CUt  through  them,  or  have  fome  other  opportu- 
nity of  feeing  how  they  are  difpofed  one  above 
another  ; and  yet  the  notion  of  the  craw  coal  ftill 
prevails  in  many  parts  of  Scotland  ; for  I have 
often  heard  thofe  who  were  making  trials  for 
coal  fay,  with  a tone  of  aflurance,  that  they  were 
now  certain  of  coming  to  a good  feam  a few 
fathoms  deeper,  this  being  an  infallible  fymptoni' 
of  a thicker  and  better  feam  being  near. 

But  a man  of  real  knowledge  and  extenfive 
obferv'^ation,  will  frankly  declare  that  he  knows 
nothing  about  the  matter  until  experience  comes 
in  for  his  guide.  Ignorance  and  conceit,  which 
are  near  of  kin,  and  often  go  hand  in  hand, 
fometimes  favour  us  with  many  rafh  and  unphi- 
lofophical  affertions  which  experience  and  obfetr 
yation  difprove. 

In  great  coal-fields,  which  contain  a great  num- 
ber of  feams,  we  find  that  the  thick  and  thin 
feams  are  mingled  with  fo  much  uncertainty, 
that  we  never  pretend  to  know  which  of  them 
are  above,  or  which  are  below,  until  we  have_ 
feen  them  all,  and  then  we  kno\v  their  order  and 
ftations  very  well. 

I have  frequently  feen  three  or  four  (and  fome- 
times more)  thin  feams  of  coal  placed  next  to  one 
another,  neither  of  \vhich  were  any  thing  near 
thick  enough  to  work ; and  I have  often  feen 
good  workable  feams  of  fufficient  thicknefs  lying 
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next  to  one  another,  without  any  thin  coals  inter- 
veiling  betwixt  them ; and  I have  as  often,  per- 
haps oftener,  feen  the  thick  and  thin  and  middling 
learns  blended  promifcuoufly.  Indeed  they  are 
always  fo  blended,  that  we  know  of  no  order  or 
natural  ftation,  nor  of  any  thing  elfe  relating  to 
them,  but  what  we  come  to  know  by  experience, 
after  we  have  once  feen  all  or  molt  of  all  the 
feams  in  the  coal-field. 

Further,  it  is  not  only  the  feams  of  coal  that 
are  thus  promifcuoufly  blended  together  in  the 
coal  field  ; the  various  and  different  coaL  metals 
are  alfo  mingled  together,  and  with  as  muchi 
uncertainty,  as  to  any  rule  or  order  of  their  na- 
tions, as  the  feams  of  coal. 

There  are  in  mofl:  coal-fields  a multitude  and, 
furprizing  variety  of  different  kinds  of  ftrata  ac- 
companying and  lying  betweeri  the  feveral  feams 
of  coal ; and  of  this  vail  multhude,  and  variety 
in  quality,  thicknefs,  and  colour,  we  find  the  hard 
and  foft,  thick  and  thin,  the  black  and  white, 
blue  and  gray,  red  and  yellow,  and  all  the  varie- 
ties of  quality,  thicknefs,  and  colour  fo  promifcu- 
oufly blended  together,  that  when  we  are  finking 
pits,  or  driving  mines  through  any  of  them,  the 
moft  experienced  do  not  know  what  is  to  come 
next,  until  they  have  fomehow  or  other  acquired 
that  knowledge  by  former  obfervation,  that  is,  by 
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feeing  -the  order  and  difpontion  of  thofe  flrata 
fomewhere  before. 

have  in  our  coal-pits  and  crofs-cut  mines, 
and  in  the  rivers  and  rivulets  which  have  cut  and 
walhed  the  fuperficies  of  the  ftrata  in  our  coal- 
fields, abundant  ocular  demonflration  of  the 
truth  of  the  pofition  that  the  coals  and  coal 
metals  are  promifcuoufly  blended  together,  with- 
out any  certain  order  to  be  depended  upon  as  a 
rule  or  indication  in  practice  ; and  moreover,  the 
great  variety  of  ftrata  of  different  qualities  and 
colours,  hard  and  foft,  thick  and  thin,  which  are 
found  to  be  the  immediate  roof  of  the  feveral 
feams  of  coal,  even  in  the  fame  field,  is  another 
convincing  proof  of  the  truth  of  the  pofition,  in 
aid  of  ocular  demonflration,  if  it  needed  any 
aid. 

Though  there  fhould  be  twenty  feams  of  coal 
in  th,e  fame  field,  it  is  twenty  to  one  but  they 
ftiall  be  found  to  have  twenty  different  roofs,  that 
is,  that  ftratum,  which  is  the  immediate  roof  of 
one  feam  of  coal,  ffiall  differ  from  the  immediate 
roof  of  another  feam  in  quality,  colour,  and 
thicknefs,  in  fo  niuch  that  perhaps  no  two  out 
of  the  twenty  ftiall  be  exactly  alike. 

The  feveral  roofs  of  cqal-  may,  in  point  of 
hardnefs,  be  divided  into  three  different  claftTes. 
rhere  is  fuch  a variety  of  thefe  in  point  of  qua- 
lity, colour,  and  thicknefs,  that  it  would  be  ex- 
ceedingly 
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ceedingly  difficult  to  arrange  them  properly  with 
refpedt  to  all  thefe  varieties. 

I will  take  a curfory  view  of  fome  of  them  in 
point  of  hardnefs,  and  will  juft  touch  at  their 
feveral  qualities  and  colours,  and  in  doing  this, 
I will,  ly?,  examine  fuch'  as  may  be  called  very 
hard  ; — id.  Such  as  may  be  called  good  and  firm 
coal  roofs  of  middling  hardnefs  ; — 3^/,  Such  as 
may  be  called  foft  roofs,  but  in  refpecl  to  the 
exadt  thicknefs  of  the  ftratum,  with  the  colour, 
quality,  and  degree  of  hardnefs,  the  variety  i$ 
almoft  endlefs. 

1.  Among  thofe  which  may  be  called  very 
hard  roofs  are, 

\Ji,  Strata  of  bafaltes,  commonly  called  whin- 
ftone.  Strata  of  bafaltine  rocks  are  very  common 
in  many  coal-fields  in  Scotland.  There  are  fe- 
veral thick  beds  of  this  ftone  betwixt  the  diffe- 
rent feams  of  coal  at  Borrowftounnefs,  and  one 
of  them  is  the  immediate  roof  of  a feam  of  coal 
in  that  ground  ; and  there  is  a thin  feam  of  coal 

below  a bed  of  beautiful  columnar  bafaltes  at 

♦ 

Hillhoufe  limequarry,  a mile  fouth  of  Linlithgow. 
In  the  Bathgate  hills,  fouth  of  Linlithgow,  there 
are  feveral  ftrata  of  coal  and  feveral  ftrata  of  ba- 
faltes blended  together, fuper  Jiratum. 

Thefe  inftances  may  fuffice  as  a proof  that 
ftrata  of  bafaltes  are  fometimes  the  immediate 
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roof  and  pavement  of  ftrata  of  coal.  The  fevc- 
ral  ftrata  of  bafaltine  rocks  are  always  very  hard,' 
often  very  thick,  and  generally  of  a black  or 
blackilh  grey  colour.  But  it  is  proper  for  me 
to  remark  here,  that  the  bafaltine  rocks  are  only 
known  to  be  fuch  by  a very  few  natiiralifts. 
They  commonly  go  by  the  general  name  of 
whin-rocks  in  moft  parts  of  Scotland  and  the 
north  of  England.  I think  it  goes  by  the  name 
of  cockle  among  Cornifh  miners,  and  it  is  called 
Jhurdy  in  the  north  of  Scotland. 

Among  the  few  gentlemen  who  are  acquainted 
with  bafaltes,  the  moft  of  them  imagine  that  the 
rock  fhould  always  be  found  formed  into  prifma- 
tical  figures  or  angular  columns ; bbt  this  is  fup- 
pofmg  too  much,  for  the  truth  is,  that  this  rock 
is  only  found  formed  into  columnar  or  other 
regular  figures  in  fuch  places  where  the  rock  was 
originally  expofed  to  the  influence  of  the  exter- 
nal air. 

As  a proof  of  this  affertion,  the  thick  ftraturri 
of  rock  near  Edinburgh,  called  Salifbury  Craigs, 
is  only  formed  into  regular  columns  upon  the 
fouth  fide  of  Arthur’s  Seat,  v/here  it  was  origi- 
nally expofed  to  the  atmofpherical  influence. 

Another  proof  of  the  above  affertion  will  be 
found  in  the  ftratum  of  bafaltes,  which  is  form- 
ed into  fmall  and  beautiful  columns  at  Hillhoufe 
lime- quarry  near  Linlithgow,  as  the  fame  indi- 
vidual 
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vidual  flratum  will  be  found  not  formed  at  all 
in  feveral  places  at  a fmall  diftance  from  that 
quarry. 

The  bafaltine  rock  is  to  be  judged  of  and  de- 
nominated from  its  quality  and  colour  and  com- 
ponent parts,  and  not  only  from  the  figure  it 
fometimes  affumes,  which  is  merely  accidental, 
arifing  from  fituation ’more  than  from  the  quality 
of  the  ftone.  This  rock  is  very  common  in  the 
coal  countries,  and  in  many  other  parts  of  Scot- 
land, and  it  is  frequently  found  formed  into  gle- 
bous,  fpherical,  and  other  figures,  as  well  as  the  ^ 
colufhnar ; but  always  where  it  now  is,  and  we 
have  good  reafon  to  fiippofe  that  it  always  was 
expofed  to  the  external  air. 

Wherever  we  trace  a flratum  of  bafaltes  un- 
der the  cover  of  other  incumbent  rocks,  it  is  not 
then  formed  into  any  regular  figure.  Wherever 
we  cut  through  it  in  finking  coal-pits,  we  do  not 
find  it  regularly  formed.  Wherever  the  face  of 
a regularly  formed  bafaltine  rock  is’^  quarried 
away  Until  it  goes  under  other  incumbent  rocksj' 
we  fobn  lofe  the  angular  figures,  and  aii  uniform 
face  of  a rock  comes  in  without  the  leaf!  appear- 
ance of  a prlfmati'cal  glebous,  or  any  other  re- 
gular figure. 

2d,  Lime-ftone  may  be  reckoned  among  the 
very  hkrd  roofs  of  coal.  Strata  of  iime-llone  of 
various  thicknefs,  quality,  and  colour  are  very 
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common  in  coal-fields.  Sometimes  the  flratum 
of  lime  is  the  immediate  roof  of  the  coal,  and 
fometimes  there  is  a thin  argillaceous  ftratiim  or 
following  clod  a foot  thick,  lefs  or  more,  found, 
betwixt  the  flratum  of  lime  and  the  flratum  of 
coal. 

There  are  feveral  beds  of  lime-flone  in  the 
coal-field  of  Gilmerton,  near  Edinburgh,  and 
fome  of  them  are  very  good,  and  of  confiderable 
thicknefs. 

At  Blackburn,  in  Weft  Lothian,  a flratum  of 
lime-ftone,  of  fix  or  feven  feet  thick,  is  the  im- 
mediate roof  of  a good  feam  of  fat  caking  coal,' 
which  feam  is  alfo  about  five  or  fix  feet  thick. 

At  Carlops,  and  at  Spittlehaugh  in  Tweedale, 
they  have  a feam  of  coal  immediately  below  their 
lime  quarries,  which  they  work  out  to  burn  the 
ftone. 

I have  feen  lime  immediately  above  coal  in 
a great  many  places  j but  thefe  are  fufficient 
inftances  in  point,  as  the  fad  is  commonly 
known. 

3<^,  Some  of  the  poft  free-ftones  prove  very 
hard  roofs  of  coal. , What  is  commonly  called 
poft  ftone,  is  a thick  and  folid  flratum  of  free- 
ftone,  out  of  which  blocks  or  pillars  of  any  fize 
and  figure  may  be  cut  out  by  a fkilful  quarrier. 
Thick  ftrata  of  poft  ftone  are  frequently  found  to 
■1  be  the  immediate  roof  of  feams  of  coal,  without 
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the  intervention  of  a following  clod,  or  any  ftra- 
turn  whatever  between  them,  and  fometimes  with 
d following  clod,  or  a thin  argillaceous  ftratum 
betwixt  the  coal  and  the  main  roof  of  poft  ftone; 
and  the  poh  roof  is  frequently  rendered  very 
hard,  by  being  interfeaed  with  foul  ribs,  or  mix- 
ed throughout  with  ferruginous  matter,  of  a 

fpecies  of  iron  or  pyrites. 

4/y??,  Thinner  ftrata  of  freeftone  are  commonly 
found  in  nioft  of  coal-fields  to  be  the  imme- 
diate roof  of  coal ; and  fome  of  thefe,  as  well  as 
the  poll  ftones,  are  rendered  very  hard  by  admix- 
tures of  ferruginous  or  fulphureous  matter. 

5//j,  What  is  called  a dogger  band  by  Scotch 
colliers,  is  very  frequently  found  to  be  the  imme- 
diate roof  of  coal,  and  thefe  are  very  hard. 

Some  call  ftrata  of  iron-ftone  dogger  bands, 
and  the  ball  iron-ftone  they  call  doggers,  and 
they  alfo  call  maffes  of  the  pyrites  doggers  in 
many  of  the  Scotch  collieries  ; but  befides  the 
ftrata  of  .iron- ftone,  there  is  alfo  another  fpecies 
of  coal  roof  frequently  met  with,  which  is  called 
a dogger  band.  This  dogger  band  is  an  imper- 
feO:  ftone,  compofed  of  leveral  heterogeneous 
mixtures,  among  which  pyrites  bears  a confider- 
able  proportion,  which  fo  effe&ually  binds  and 
connedts  the  whole  together,  that  it  is  fome- 
times very  difficult  to  break  through  it.  This 
fpecies  of  dogger  band  is  fometimes  much- 
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thicker  than  the  ftrata  of  iron-flone,  though  not 
always.  Both  the  forts  are  well  known  to  be 
very  hard,  and  to  be  frequently  found  imme- 
diately above  the  coal. 

6th,  There  are  in  many  coal-fields  feveral 
ftrata  of  whin-ftone,  properly  fo  called,  which  is 
not  bafaltes.  Some  of  thefe  are  of  confiderable 
thicknefs,  and  others  not  above  two  or  three 
feet  thick;  and  they  are  of  various  colours, 
fuch  as  black,  a blackifh  and  lighter  grey,  brown, 
red,  &c.  Thefe  ftrata  of  whin-ftone  are  always 
very  hard,  and  they  are  frequently  the  immediate 
roof  of  coal, 

II.  There  are  a great  many  good  and  fubftantial 
roofs  of  coal,  which  yet  are  kindly  to  work,  and 
only  of  middling  hardiiefs.  Among  thefe  I will 
reckon, 

\Ji,  Poft-ftone  of  a kindly  quality,  which  is 
not  impregnated  with  ferruginous  matter,  or  any 
other  heterogeneous  mixture  which  hardens  the 
ftone  too  much,  and  makes  it  crofs  and  difficult 
to  be  cut. 

id.  Regular  ftrata  of  free-ftone  of  various 
colours,  textures,  and  degrees  of  thicknefs  ; but 
none  of  which  are  fo  thick  as  to  deferve  to  be 
called  poft-ftone. 

The  thinner  ftrata  of  fand-ftone,  that  is  of 
free-ftone,  are  perhaps  the  moft  numerous  of 

all 
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all  ftones  m moft  of  coal-fields,  and  they  arc 
fo  frequently  found  to  be  the  immediate  roof 

of  coal,  that  it  would  be  fuperfluous  to  fay 

\ 

any  more  about  them;  only  it  may  be  noted,  that 
fome  of  thefe  regular  ftrata  of  clean  and  pure 
fand-ftones,  are  not  above  three  or  four  feet 
thick,  and  others  not  above  three  or  four  inches  ; 
and  they  are  commonly  found  of  all  degrees 
of  the  medium  thicknefs  between  thefe  two 
extremes  ; and  thefe  thin  and  middling  ftrata  of 
free-ftone  make  good  coal  roofs  eafily  cut  through 
in  finking;  and  they  are  eafily  quarried,  and  make 
excellent  rubble  ftones  for  building,  and  fome 
of  the  thickeft  of  them  produce  good  ’ cutting 
ftones  for  ribbets,  &c.  though  I do  not  think 
they  deferve  to  be  called  poft-ftone  until  they 
exceed  three  or  four  feet  thick. 

3^/,  Grey  bands,  or  grey  coloured  free-ftone 
bands,  are,  likewife  commonly  found  to  be  the 
in'imediate  roof  of  many  feams  of  coal,  and  thefe 
may  be  reckoned  among  thofe  of  middling  hard- 
nefs.  Thefe  grey  bands,  or  grey  thin  ftrata  of 
imperfeft  free-ftone,  are  very  numerous  in  all 
coal-fields,  and  there  are  generally  a great  num« 
ber  of  them  arranged  together  in  the  fame  place, 
lying  immediately  above  one  another ; and  they 
are  frequently  found  of  all  degrees  of  thicknefs, 
from  one  inch  up  to  twenty  inches,  though  the 
moft  common  thicknefs  is  from  two  to  fix  inches. 
Thefe  thin  grey  ftrata  arc  called  by  Scotch  col- 
liers 
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liers  grey  fekes  as  well  as  grey  bands.  They  are 
often  found  moderately  hard,  and  of  a flrong  tex- 
ture, fo  as  frequently  to  make  good  flags  and 
covers  for  fewers.  When  there  is  a confiderable 
number  of  thefe  together,  they  commonly  make 
a very  good  and  fafe  coal  roof,  as  they  generally 
have  a confiderable  degree  of  ftrength  and  cohe- 
fion,  efpecially  when  the  ingredients  in  the  com- 
pofition  of  the  ftone,  which  give  it  the  blackifh 
or  grey  call,  partake  of  the  nature  of  the  coal ; 
but  when  the  black  admixture  partakes  of  the 
blaes,  or  black  tilly  argillaceous  matter,  then  the 
grey  bands  are  more  weak  and  fragile. 

4//^,  Hard,  fhrong,  and  well  ftratified  blaes 
may  be  reckoned  among  the  coal  roofs  of  mode- 
derate  ftrength  and  hardnefs.  Strata  of  blaes,  or 
bleas,  are  very  common  and  exceeding  numerous 
in  coal  countries.  They  are  always  black,  or  of 
a bluifh  black  or  a black  grey  colour,  and  there 
is  nothing  more  commonly  the  immediate  roof 
of  coal.  There  is  in  moft  coal-fields  a great 
variety  of  blaes,  efpecially  in  refped  of  ftrength 
and  hardnefs  ; but  in  this  divifion  of  middling 
coal  roofs,  I only  point  at  fuch  as  are  pretty 
ftrong  and  hard.  Some  of  the  ftrong  and  hard 
blaes  are  perfectly  black,  or  of  a greyifh  black, 
and  fome  of  thefe  ftrata  of  different  ffiades  of  the 
black  colour,  are  pretty  thick,  and  others  are 
pretty  thin.  I fay  pretty  thick,  for  it  is  not 
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common  to  find  flrata  of  good  and  ftrong  blacs 
much  above  a foot  and  a half  thick ; but  they 

I 

are  commonly  found  of  all  degrees  of  thicknefs, 
from  about  a foot  and  a half  down  to  two  or 
three  inches  and  lefs ; and  the  moft  common  me- 
dium of  the  flrata  of  the  bell  blae  roofs  is  from 
one  foot  down  to  three  or  four  inches  thick. ' 

Some  of  this  fort  of  blaes  is  fo  ftrong  as  to 
make  a very  good  and  a very  fafe  coal  roof,  but 
it  is  rare  to  find  any  of  it  fo  hard  as  not  to  be 
cafily  cut  through  in  finking.  All  blaes  feem  to 
have  a confiderable  quantity  of  a black  argilla- 
ceous matter  in  the  compofition  of  the  flone,  and 
thefe  ftrong  blaes  appear  to  contain  a confider- 
able  quantity  of  fand,  and  they  frequently  con- 
tain a confiderable  portion  of  an  inflammable  oil, 
and  fometimes  they  partake  of  the  real  coal  it- 
felf  in  fuch  quantity  as  to  be  fometimes  vifibly 
' feen. 

In  fome  places  the  thinneft  of  thefe  flrata  are 
found  to  be  the  immediate  coal  roof,  and  in  other 
places  the  thickeft  j and  again,  in  other  different 
' places,  thofe  of  all  the  degrees  of  medium  thick' 
nefs. 

There  is  as  great  a variety  in  the  quantity  of 
thefe  blaes  found  together  immediately  above 
different  coals  as  there  is  in  the  thicknefs  of  the 
particular  flrata.  In  fome  pits  we  do  not  find 
above  five  or  fix  inches  of  blaes  immediately  upon 
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the  coal ; In  other  pits,  we  find  five  or  fix  fathoms 
upon  the  coal,  and  in  fome  particular  places  even 
much  more  than  five  or  fix  fathoms,  and  it  is 
very  common  to  find  the  blae  roofs  of  all  the 
medium  thicknelfes. 

^th,  Whitifh  and  afli-coloured  argillaceous 
ftrata,  of  middling  ftrength  and  thicknefs,  are  in 
many  places  found  to  be  the  immediate  roof  of 
coal. 

Some  of  thefe  light  coloured  argillaceous  coal 
roofs  are  pretty  thick,  others  of  them  are  thin 
and  of  middling  thicknefs,  like  all  the  other  coal 
roofs  of  pretty  equal  ftrength  and  hardnefs.  I 
have  feen  fome  of  thefe  up  to  two  feet  thick,  and 
I have  feen  others  of  them  not  above  two  inches 
thick,  and  they  are  commonly  found  of  every 
medium  thicknefs  between  thefe  two.  There 
are  a great  many  coal  roofs  of  this  colour,  and 
much  of  the  fame  quality,  which  are  very  tender, 
fragile,  and  dangerous.  At  the  fame  time,  many 
of  them  prove  very  good  roofs,  owing  either  to 
fome  particular  Ingredient  In  the  compofition,  or 
to  a more  perfed  contexture  and  formation  of 
the  ftrata. 

6/i6,  Streaked  coal  roofs  of  middling  ftrength 
and  hardnefs.  Thefe  ftreaked  roofs  are  of  two 
forts.  Fh'Ji,  Such  as  are  compofed  chiefly  of 
fand,  with  a very  finall  mixture  of  clay  and  blaes; 
and  fecond.  Such  as  are  compofed  chiefly  of  clay 
«r  blaes,  with  a very  fmall  mixture  of  fand. — 

Some 


Some  of  thefe,  exhibit  larger,  and  others  fmallef 
ftreaks  or  ribs.  I have  frequently  feen  fome  of 
thefe  ftones  fo  finely  fir  caked  as  to  refemble  the 
moft  beautiful  ftriped  cotton  fluffs. 

, The  flrips  or  ftreaks  lie  all  of  them  exactly  pa- 
rallel to  one  another,  and  exa£lly  parallel  to  the 
bed  of  the  ftone,  and  the  ftrips  always  fpread  out 
the  whole  breadth  of  the  ftratum.  The  colour 
of  thefe  ftrips  is  Various  in  different  ftrata.  I 
have  feen  fome  of  the  ftrips  nearly  black  and 
white,  others  white  and  red,  and  yellow  and  red. 
In  fome  ftrata  the  ftrips  appear  of  a lighter  and  a 
darker  grey  colour;  In  fhort,  thefe  ftrips  in  dif- 
ferent ftrata  appear  of  various  colours,  and  of 
various  fhades  of  thofe  colours. 

Some  of  the  finely  ftriped  ftones  exhibit  ftreaks 
lefs  than  a quarter  of  an  inch.  It  is  very  com- 
mon tq  fee  ftrips  about  a quarter,  and  between* 
that  and  three  quarters  of  an  inch  ; but  in  thefe 
finely  ftratified  and  finely  ftriped  ftones,  it  is  not 
common  to  find  ftreaks  of  a full  inch  thick,  with- 
out forfie  different  fhade  in  one  fide  or  other  of 
the  ftrip.'  The  ftratification  of  thefe  ftriped 
ftones  is  generally  as  perfect  and  regular  as  can 
be  imagined.* 

The  fecond  fort  of  thefe  ftriped  coal  roofs,  that 
is,  fuch  as  are  chiefly  compofed  of  blaes,  with  a 
lefs  mixture  of  fand,  differ  but  little  from  the 
firft,  in  appearance  ; only  the  colours  are  not  al- 
ways 
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ways  fo  bright,  nor  the  ftrips  fo  fine,  nor  is  the 
roof  quite  fo  hard  as  the  fand-ftone  ftriped  roof. 

. III.  Soft  coal  roofs,  of  which  there  are  a 
very  great  number  and  variety,  with  refpedt  to 
quality,  colour,  and  .thicknefs.  I will  point  out 
a few  of  them,  and  1 1 fhall  begin  with  fuch  as 
are  of  a .-black,  a bluilh  black,  and  a black  grey 
colour.  ..  Of  thefe  fome  are  regularly  ftratified, 
'others  are  imperfectly  ftratified,  and  fome  of  them 
not  ftratified  at  all.  All  thefe  foft  black  and 
blackifh  coal  roofs  are  by  tJie  Scotch  colliers,  and 
thofe  of  the  north  of  England,  called  by  the  ge-  - 
neral  name  of  blae^  or  till.  / 

4.  ly?,  I will  firft  talce  notice  of  fiich  as.  are  re- 
gularly ftratified.  Some  of  the  ftratified  blae 
roofs  are  formed  of  pretty  thick  ftrata,  others  of 
them  are  formed  of  thin  ftrata,  and  many  of  ftrata 
of  middling  thicknefs..  There  are  arrangements 
or  claffes  of  regularly  ftratified  blaes  found  as  the 
immediate  roof  of  different  coals  of  a great  va- 
riety of  thicknefs,  from  three  or  four  inches  up 
to  a good  many  fathoms  ; but  of  the  particular 
thicknefs  of  each  ftraturn  of  thofe  I call  regularly 
ftratified,  I have  feldom  feen  any  one  of  thera 
much  -above  a foot  and  a half,  or  at  moft  two 
feet  thick ; but  I have  frequently  feen  great  num- 
bers of  them  not  above  two  or  three  inches,  and 
fome  of  them  not  much  above  one  inch  thick, 
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even  Where  there  was  in  all  a conliderable  thick- 
nefs  of  blaes,  confifling  of  a great  number  of 
flrata,  thick  and  thin,  arranged  together.  Some 
of  thefe  tender  roofs  of  regularly  flratified  blaes 
have  an  oily  appearance  upon  the  outfide,  and 
through  all  the  fiffures  and  joints  of  the  ftrata, 
that  is,  they  appear  fraooth  and  glolfy,  and  are 
very  flippery  to  the  touch.  Others  of  them  have 
nothing  of  this ; but  whether  oily  or  not,  thefe 
foft  blaes  make  but  a bad  or  indifferent  roof  at 
beft,  as  they  are  always  tender,  weak,  and  fragile. 

Q.d,  The  fecond  fort  of  foft  coal  roof  which  I 
am  to  mention  is  blaes,  which  is  only  flratified  in 
part,  or  imperfedlly  flratified.  This  fort  of  roof 
is  in  every  refpeft  the  fame  in  quality  and  colour 
as  the  lafl;^  the  only  diflinguifhable  difference  be- 
tween thein-  being  in  the  different  degrees  of 
flratification.  This  fort  appears  clurafily  flrati- 
fied, and  the  flrata  or  beds  of  it  are  not  perfedl, 
but  unequal  and  lumpifh,  which  makes  it  a bad 
and  dangerous  roof,  as  the  inequality  and  various 
joints  bf'  the  ftrata  occafion  their  falling  down 
in  large  maffes  or  lumps  when  the  coal  is  wafted 
from  under  it.  Some  of  thefe  irregular  ftrata  of 
blaes  appear  in  thick,  and  others  in  thin  and 
middling  beds  ; and  feme  of  thefe,  as  well  as  the 
laft  mentioned,  have  a greafy  or  oily  fmoothnefs, 
and  they  are  called  by  Scots  colliers  creepy  blaes, 
that  is,  greafy  blaes.  This  oily  fmoothnefs  makes 
i thefe 
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thefe  irregular  ftrata  particularly  troublefome  and 
dangerous  in  a coal  roof,  as  thefe  being  full  of 
joints  and  natural  divifions,  which  run  in  all 
diredions,  the  oil  runs  through  all  the  joints, 
and  occafions  this  fort  of  blaes  to  flip  and  fall 
out  fo  foon  as  the  coal  is  worked  away  from 
under  it. 

Some  of  thefe  gloify  greafy  blaes  have  fuch  a 
quantity  of  the  natural  oil  as  to  make  them  flame 
a little  in  the  fire,  and  there  is  in  fome  places  a 

f 

confiderable  quantity  of  the  hard  ftratified  blaes 
mentioned  above,  which  will  not  only  flame  in 
a fire,  but  fome  of  it  will  adlually  burn  when  fire 
is  fet  to  it,  though  it  will  not  confume.  There  is 
a fpecies  of  pretty  hard  ftratified  blaes  at  Pit- 
firranin  Fifefhire,  which  burns  fo  well,  that  if  a 
fmall  fire  is  once  kindled  at  one  corner  of  a hil- 
lock, it  will  burn  throughout ; but  it  is  no  lefs  in 
bulk  after  than  before  it  was  burnt,  nor  does  it 
produce  any  afhes.  This  blae  is  of  a pretty 
good  black  colour  before  it  is  burnt,  but  the  fire 
turns  it  to  a pale  red,  in  which  it  is  fo  far  from 
confuming,  that  it  acquires  a confiderable  degree 
of  hardnefs  in  the  fire,  which  makes  it  pretty 
good  fluff  for  roads:  It  is  remarkably  good  for 
horfe  and  foot  paths,  but  not  fo  proper  for  fuch 
roads  as  are  conftantly  occupied  by  heavy  wheel 
carriages.  It  appears  pretty  evident,  that  this 
blae  contains  a portion  of  natural  oil  in  the 

compofition 
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compofition  of  the  ftone,  as  it  burns,  but  does 
Aot  confume  at  all ; for  if  it  partook  of  the  coal 
matter  in  fuch  quantity  as-  to  make  it  inflam- 
mable, part  of  the  coal  would  be  feen,  and  more- 
over, part  of  the  blae  would  confume,  and  pro- 
duce lome  aflies,  which  adtually  ds  the.  cafe  when 
a blae  has  fuch  a quantity  of  coal  in  its  compofi- 
tion as  to  make  it  in  any  degree  inflammable ; 
which  circumftance  I have  frequently  feen,  that 
is,  I have  frequently  feen  a fmall  mixture  of  coal 
in  fome  blaes,  and  thofe  blaes,  when  burnt,  pro- 
duce lefs  or  more  afhes  j but  this  fort  will  not 
burn  itfelf,  like  the  Pitfirran  blaes,  but  requires 
a continual  application  of  fire.  , • 

' 3^,  Soft  ■^blaes,-  which  are  not  flratified  at  all, 
that  is,  there  is  no  more  than  one  flratum  or  bed' 
of  this  blae  in  the  fame  place,  without  the  in- 
tervention of  other  flrara  above  and  below  it. 
This  fpecies  of  blaes  is  as  commonly  found  to 
' be  the  immediate  roof  of  coal  as  any  thing  elfe 
I know,  and  the  beds  of  it  are  found  of  various 
degrees  of  thichnefs,  from  two  or  three  inches^ 
up  to  two  or  three  fathoms  j but  whether  the 
ftratum  of  it  be  found  thick  or  thin,  the  whole 
flratum  is  always  one  uniform  mafs,  without  any 
divifions  into  feveral  flrata.  But  it  fliould  be  re- 
marked, that  all  thefe  unflratified  beds  of  foft 
blaes  are  not  equally  of  one  uniform  mafs  through- 
out the  whole  flratum.  Some  of  thefe  foft  blaes- 
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are  found  divided  into  fmall  angular  mafles  in 
the  ftratum,  and  other  beds  of  it  are  divided  into 
. larger  angular  malfes  or  glebes  ; but  whether 
thefe  foft  blaes  are  found  glebous  or  uniform 
throughout  the  whole  ftratum,  they  always  prove 
a bad  and  troublefome  coal  roof. 

• Thefe  black  argillaceous  ftrata  of  the  coal-field 
are  by  many  called  beds  of  till.  The  uniform 
fort  are  called  dauk^  and  the  glebous  fort  are 
called  blaes,  or  'lipey  blaes ^ by  Scotch  colliers. 
Both  the  uniform  and  the  glebous  foft  blaes  fre- 
quently contain  a quantity  more  or  lefs  of  ball 
iron-ftone,  or  glebous  iron-ftone,  though  fome  of  , 
it  contains  none  at  all.  The  regular  continuous 
ftrata  of  iron-ftone  a;-e  conunonly  found  in  ftra- 
lifted  foft  blaes.  . 

There  is  a variety  of  foft  coal  roofs  of  a grey 
colour,  and  of  thefe  fome  are  regularly  ftratified; 
and  fome  are  not; 

4//:?,  Of  regularly  ftratified  foft  grey  coal  roofs 
there  are  feveral  forts.  The  firft  of  thefe  which 
1 will  take  notice  of  is  the  foft  grey  bands  or  grey 
fekes,  which  have  a confiderable  quantity  of 
fand  in  the  compofition  of  the  ftrata. 

Many  of  thefe  foft  grey  bands  are  as  regularly 
ftratified  as  any  coal  metals  whatever.; 

' Numbers  of  them  are  found  in  very  thin  ftrata, 

' and  others  of  middling  thicknefs ; but  whether 
- thick 
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thick  or  thin,  they  are  fo  weak  and  tender  as  to 
make  a very  bad  and  trouWefome  coal  roof. 
Many  of  thefe  grey  bands  look  pretty  well  at 
firfl,  but  they  foon  fail  and  come  dov/n  when 
undermined  and  expofed  to  the  influence  of  the 
air  ; and  I fuppofe  that  this  is  owing  partly  to 
there  being  too  great  a quantity  of  clay  in  the 
compofition  of  the  flione,  and  partly  to  the  want 
of  a fufficient  quantity  of  natural  cement  to 
connect  the  feveral  particles  of  the  ftone  together 
and  promote  induration.  ' 

5//j,  Soft  grey  regular  ftrata,  or  grey  bands  of 
an  argillaceous  kind,  and  of  thefe  there  is  likewife 
a great  variety,  efpecially  as  to  colour  and  thick- 
nefs.  Some  of  thefe  are  of  a dark  and  others  of 
a lighter  grey,  and  forae  of  them  exhibit  pretty 
thick,  and  others  middling  and  thin  llrata. — 
Thefe  foft  grey  argillaceous  ftrata  are  very  nu- 
merous in  moft  coal-fields,  and  they  are  frequent- 
ly found  to  be  the  immediate  roof  of  the  coal ; 
and  thefe,  ,as  well  as  the  black  kinds,  are  found 
in  all  quantities  or  degrees  of  thicknefs  above 
different  coals  from  a few  inches  up  to  feveral 
fathoms  ; but  whether  there  is  much  or  little  of 
it  together,  and  whether  thefe  ftrata  are  thick  or 
thin,  this  fort  is  generally  found  to  be  a weak 
and  fragile  roof. 

6th^  Soft  grey  argillaceous  bands,  imperfefrly 
ftratified.  Thefe  differ  little  or  nothing  from 

the 
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the  lad  In  quality  or  colour,  the  only  diftin- 
guilhable  difference  being  in  the  different  de- 
grees of  ftratification.  Many  of  the  laft  men- 
tioned fort  are  as  finely  ftratified  as  can  be  ima- 
gined, that  is,  the  ftrata  of  them  are  generally 
thin  and  of  middling  thicknefs,  and  perfedt- 
ly  regular,  finely  fpread  out,  and  every  part  of 
each  ftratum  equally  thick  j but  on  the  contrary, 
this  fort,  though  it  has  the  appearance  of  ftrata, 
yet  the  ftratification  is  but  clumfy  and  irregular, 
that  is,  the  feveral  beds  are  unequal  and  divided 
by  many  irregular  joints  into  unequal  misfhapen 
maffes,  which  makes  this  fort  a bad  and  trouble- 
fome  coal  roof,  as  the  maffes  feparate  at  the  joints, 
and  fall  down  when  the  coal  is  wafted  from 
under  it. 

']th.  Soft  grey  argillaceous  beds  of  metal  or 
coal  roofs  not  ftratified  at  all,  and  this,  as  well  as 
the  black  fort  defcribed  above  in  the  third  divl- 
fion  of  foft  roofs,  is  of  two  kinds  or  varieties,  viz. 
firft,  fuch  as  is  found  broken  or  formed  in  the 
ftratum  into  glebes  or  maffes  ; and  fecond,  fuch 
as  is  found  in  one  uniform  mafs  throughout  the 
whole  bed,  without  any  divifion  Into  maffes  or 
ftrata.  I need  not  repeat  that  thefe  grey  foft 
roofs  are  of  all  degrees  of  thicknefs,  from  a few 
inches  up  to  a great  many  fathoms,  as  well  as  the 
black.  There  is  but  very  little  difference  be- 
tween them  in  any  refpeft,  excepting  the  colour. 

’ But 
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But  it  may  be  proper  to  obferve  here,  that  ball  or 
glebous  iron-ftone  is  frequently  found  in  this  as 
well  as  in  the  black  unftratified  blaes,  and  that 
both  in  the  glebous  and  uniform  beds,  and  that 
ftrata  of  iron-ftone  are  alfo  found  in  the  ftratified 
foft  grey  blaes.  . 

White  and  afii  coloured  foft  argillaceous 
coal  roofs,  and  of-thefe  there  is  as  great  a variety 
as  of  any  other  whatever.  Of  this  fort  of  roof 
fome  are  regularly  -ftratified,  fome  imperfectly, 
and  others  not  at  all.  Of  the  whitifh  argillace- 
ous roofs,  fome  are  a compound  of  a gritty  fand 
and  clay,  others  appear  to  be  chiefly  compofed  of 
pure  clay;,  and  fome  of  a loamy  clay.  . • ; 

I will  begin  with  fucH  as  are- regularly  ftratified 
and  mixt  ,with  fand,  and  of  this  fort  fome  ftrata 
are  mixt  with  fharp  and  gritty  fand,  and  fome 
with  fofter  fandl  What  I have  faid  above  with 
refpeft  to  the  variety  of  thicknefs  of  the  feveral 
ftrata,  and  of  the  feveral  parcels  or  arrangements 
of  thofe  ftrata  into  general  beds  of  various  thick- 
nefs, may  be  faid  of  the  white  as  well  as  of  the 
black  and  grey  argillaceous  coal  roofs;  and,  there- 
fore, I need  not  repeat  what  has  been  fo  often 
faid  above  about  the  regularity  and  various 
thicknefs  of  the  ftrata,  and  of  the  accumulating 
arrangements  or  parcels  of  ftrata.  I have  feen 
many  of  this  fort  of  gritty  or  fandy  clay  roof  very  , 
foft,  weak,  and  fragile. 
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The  next  whitlfh  argillaceous  foft  roof  I 
fliall  take  notice  of,  is  fuch  as  we  find  regularly 
ftratified,  and  of  a homogeneous  quality,  or  not 
mixt'with  fund.  Some  of  thefe  are  very  finely 
and  perfectly  ftratified,  and  they  are  found  of 
different  degrees  of  hardnefs.  However,  in  ge- 
neral, the  moft  of  them  prove  but  a weak  and 
tender  coal  roof.  What  has  been  fo  often  re- 

* t 

peated  about  the  different  thicknefs  of  the  feveral 
ftrata,  and  of  the  different  general  thicknefs  of 
the  feveral  roofs,  is  perfe<ftly  applicable  here,  and 
therefore  I refer  to  what  is  faid  above,  to  fave  a 
multitude  of  unneceffary  words,  as  the  principal 
aifference  between  thefe  and  the  black  and  grey 
argillaceous  coal  roofs,  is  in  the  colour,  in  which 
refped  they  differ  widely,  as  fome  of  thefe  under 
immediate  confideration  are  pretty  white,  others 
of  an  aflien  white,  and  fome  of  a yellowilh  white 
colour.  I fliall  obferve  here,  that  this  fort  is  not 
all  equally  well  ftratified.  There  are  fome  of 
thefe  as  well  as  of  the  above  found  in  irregular 
ftrata,  and  with  all  the  other  imperfedtions  and 
varieties  mentioned  before. 

lot/j.  White  and  afh  coloured  argillaceous  coal 
roofs  not  ftratified  at  all,  and  of  this  fort  there 
is  a very  great  variety.  Sometimes  we  find  very 
thick  beds  of  white  and  whitifli  argillaceous  mat- 
ter in  the  coal-fields,  and  fome  of  thefe,  as  well 
as  of  the  black  foft  roofs,  rife  in  glebes  and 
VOL.  1.  M maffes 
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mafles  of  different  fizes,  and  others  are  uniform 
and  homogeneous  throughout  the  whole  bed,  how- 
ever thick  it  may  be ; and  thefe,  as  well  as  the 
black,  are  found  of  every  degree  of  thicknefs, 
from  two  or  three  inches  up  to  feveral  fathoms. 
Some  of  thefe  beds  of  white  argillaceous  marl- 
like matter  are  found  to  be  a fandy  or  loamy 
clay,  and  others  of  them  are  of  a pure  homo- 
geneous clay,  which  does  not  feel  gritty  between 
the  fingers  nor  in  the  mouth.  I have  frequently 
taken  fome  of  thefe  fine  white  clay  roofs  to  wafh 
my  hands,  and  found  it  anfwer  nearly  as  well 
as  foap.  The  fiiades  and  varieties  of  colour  in 
this  fort  are  as  numerous  as  in  the  laft  mentioned. 
All  the  clay  roofs  of  a homogeneous  uniform 
ftrudture,  are  called  dauk  by  Scots  colliers,  what- 
ever be  the  colour  of  them. 

The  general  fpecies  and  the  feveral  varieties 
pointed  at,  and  defcribed  above,  may  be  confi- 
dered  as  a pretty  full  feledion  of  the  mofl;  com- 
mon roofs  of  coal ; but  it  muft  only  be  confidered 
as  a feleftion,  and  as  a very  brief  and  imperfect 
account  of  fome  of  them.  The  different  flrata 
of  the  co^  metals  found  every -where  in  dif- 
ferent coalfields,  are  fo  numerous,  and  there 
are  fo  many  varieties  of  them,  that  it  would 
take  a large  volume  to  enumerate  and  defcribe 
them  all  j but  I can  only  pretend  to  give  a ge- 
neral 
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neral  hiftory  of  fome  of  them ; and  therefore  I 
fhall  only  further  obferve  here,  that  what  I have 
faid  above  about  the  coal  roof  is  equally  appli- 
cable to  the  pavement  of  the  coal,  as  in  fa£t  we 
find  as  great  a variety  of  different  ftrata  below 
different  feams  of  coal  as  we  do  above  them. 

Having  taken  a view  of  the  various  ftrata 
which  accompany  coal,  I would  now  proceed 
to  point  out  the  ftrata  of  the  mountain  rocks, 
that  is,,  fuch  other  ftrata  as  are  not  commonly 
found  to  accompany  coal,  in  order  to  diftinguifli 
them  from  the  coal  metals  j but  my  obferva- 
tions  upon  this  branch  of  my  fubjedf  have  ex- 
tended to  fuch  a length,  that  I have  thought  it 
proper  to  allot  to  them  a diftindl  portion  of  my 
work.^(See  part  III.) 

All  the  works  of  God  are  wonderfully  mag- 
nificent, numerous,  and  diverfified.  There  are 
a thoufand  difcoveries  to  be  made  in  all  parts  of 
the  creation,  and  a thoufand  improvements  to  be 
made  of  thofe  difcoveries.  The  great  mafters  of 
nature,  who  have  looked  into  the  animal  and 
vegetable  kingdoms  with  a keen  and  comprehen- 
five  eye,  have  produced  fuch  difcoveries  and  im- 
provements as  are  at  once  an  infinite  benefit  to 
fociety,  and  an  honour  to  human  nature.  The 
mineral  kingdom  is  a very  fruitful  field,  but  all 
parts  of  it  have  not  yet  been  fuitably  cultivated. 
I can  only  be  reckoned  a common  labourer  in' 
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this  field,  but  I am  refolved  to  deferve  the  praifc 
of  being  a faithful  labourer  in  it. 

Fanciful  fyftem  builders,  and  fome  learned 
philofophers,  but  of  fniall  knowledge  in  thefe  , ; 

matters,  have  made  a coil  about  deep  and  ex- 
tenfive  ftrata  which  compofe  the  fuperficies  of 
our  globe,  and  fome  of  them  have  propofed  va- 
rious fchemes,  and  tried  many  experiments  for 
obtaining  fuch  fe6tions,  with  a view  as  they  fup- 
pofed  to  countenance  and  confirm  their  feveral  ’ 
fyftems.  ' ' ; 

I am  informed  from  good  authority,  that  M.  de 
Maupertuis  propofed  finking  a fhaft  of  enormous  i 
depth  in  Iceland,  in  order  to  determine  the  ftruc- 
ture  and  matter  of  the  globe  at  fuch  a depth  below  | 

the  upper  furface  ; but  why  in  Iceland  more  than  * 

in  France,  England,  or  Germany,  which  abound  | 

with  materials  and  men  of  fkill,  I am  at  a lofs 
to  know,  unlefs  he  fuppofes  that  every  indivi- 
dual flratum  forms  a zone,  or  rather  a fhell,  which  ^ 
ftretches  quite  round,  and  envelopes  the  w'holc 
globe,  like  one  of  the  coats  of  an  onion  ; and 
that  in  confequence  of  the  figure  of  the  earth,  ^ 

thefe  furrounding  ftrata  are  all  of  them  much  ^ 

thinner  in  the  neighbourhood  of  the  poles  than  ' 

they  w^ould  be  found  nearer  the  equatorial  re-  ' 

gions  ; but  however  plaufible  this  theory  may  be,  i 

it  is  not  true.  There  is  in  fa6l  no  fuch  general 
and  extenfive  ftretch  of  any  individual  ftratum,  ' •] 
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nor  of  any  clafs  of  ftrata.  The  various  claffes 
or  kinds  of  ftrata  which  are  found  in  different 
countries  and  diftrifts,  are  arranged  together  in 
greater  or  leffer  patches  upon  the  face  of  the 
globe,  which  fliall  be  clearly  demonftrated  by 
a fufficient  number  of  examples,  and  well  au- 
thenticated fa£ls,  confirmed  and  illuftrated  by 
examples,  are  more  to  be  depended  upon  than 
general  theories  founded  upon  fuppofitions  which 
do  not  exift.  I will  fave  thefe  gentlemen 
the  trouble  and  expence  of  finking  their  fhaft, 
and  will  give  them  a feftion  of  four  times 
the  depth  which  they  can  fink ; and  indeed  it 
is  neceffary  for  me,  or  fome  other  in  my  line,  to 
relieve  them  from  this  embarraffment,  as  the 
revenue  of  an  empire  would  not  be  fufficient  to 
fink  a fliaft  to  the  depth  M.  de  Maupertuis  pro- 
pofed,  which  I think  was  half  a mile,  or  near 
three  thoufand  feet. 

Coal  mafters  and  mineral  engineers  will  foon 
(perhaps  too  foon)  find  it  a difficult  matter 
to  go  down  one  half  of  that  depth  below  the 
furface  of  the  ground  in  a plain  country. — 
It  is  indeed  practicable  to  draw  up  coals  and 
other  mineral  foflils  from  greater  depths  in 
a champain  country,  by  means  of  feveral  fhafts 
funk  in  ftages,  one  below  another,  with  a proper 
landing  at  the  head  of  each  fhaft ; but  it  will 
not  be  found  an  eafy  matter  to  draw  up  the 

water 
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water  from  fuch  great  depths,  unlefs  fome  new 
kind  of  machinery  fhall  be  difcovered,  more 
convenient  and  fuitable  for  the  purpofe  than  any 
we  have  at  prefent. 

The  fire  or  fteam  engine,  which  is  fo  very  ufeful 
and  neceflary  to  fub terraneous  operations,  is  indeed 
very  powerful ; but  fuch  a multiplicity  and  enor- 
mous length  of  fpears  or  pump-rods  as  would  reach 
down  ^ to  the  depth  of  four  or  five  hundred  fa- 
thoms, or  even  to  the  depth  of  three  hundred  fa- 
thoms, would  become  a dead  weight  upon  an 
engine,  and  every  way  difficult,  expenfive,  and 
troublefome. 

Many  of  our  colleries  in  Britain  are  already 
very  deep,  and^  in  a few  years  hence  thefe 
colleries  will  require  to  be  yet  much  deeper, 
otherwife  the  proprietors  and  others,  as  well  as 
many  of  our  great  towns  and  manufadlories, 
will  fuftain  a very  fenfible  lofs,  and,  therefore, 
from  this  confideration,  it  is  to  be  wiffied  that 
mineral  engineers  would  fludy  the  philofophy  of 
engine  fpears,  and  communicate  to  the  public  the 
refult  of  their  enquiries  and  experiments. 

Fir  timber  is  light,  and  of  a regular  grain  and 
reed,  but  it  is  of  a lax  texture,  and  comparatively 
weak,  and  fo  far  it  is  unfit  for  a very  long  fpear 
or  pump-rod.  It  may  hereafter  be  very  material 
to  know  what  timber  will  anfwer  bell  for  this 
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purpofe,  when  It  becomes  -neceflary  to  fink  our 
coal-pits  to  a much  greater  depth. 

With  refpect  to  a grand  feftlon  which  our 
philofophers  want  for  afcertaining  the  nature, 
quality,  form,  and  difpofition  of  the  ftrata  at  a 
great  depth,  I will  give  them  one  ready  made, 
not  only  of  three  thoufand,  but  even  of  fix  thou- 
fand  feet.  This  grand  feclion  of  the  ftrata  is  cut 
through  the  coal  metals  at  Gilmerton,  near  Edin- 
burgh, and  the  fame  ftrata  are  cut  through  at 
Loanhead,  about  two  miles  fouth-weft  from  Gil- 
merton. This  pofition  requires  to  be  explained, 
as  it  may  appear  myfterious  to  many  how  fuch 
a prodigious  feftion  of  the  ftrata  happens  to  be 
made  in  thefe  places  j and  in  order  to  this  ex- 
planation it  Is  neceffary  to  premife,  that  the  ftrata 
at  Gilmerton,  See.  as  has  already  been  taken  no- 
tice of,  hang  or  decline  with  a flope  near  about 
the  angle  cf  forty-five  from  the  horizon.  This 
Hope  varies  greatly  in  different  parts  of  the  field. 
In  fome  places  the  feams  of  coal  and  other  ftrata 
incline  with  a flope  of  above  fifty  degrees  from 
the  horizontal  pofition.  In  other  places  not 
above  twenty-five,  and  even  as  low  as  twenty  j 
however,  upon  a medium,  I reckon  that  the  flope 
or  declivity  of  the  ftrata  at  Gilmerton  is  about 
the  angle  forty-five.  The  dip  or  declivity  of  the 
ftrata  in  this  diftrifl  is  towards  the  fouth-eaft, 
and  both  at  Gilmerton  and  Loanhead  there  is  a 

confiderable 
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confidcrable  dope  and  fall  of  the  fiirface  of  th« 
ground  towards  the  fame  point  of  the  compafs  ; 
and  they  have  in  both  places  availed  themfelves  ; 
of  this  figure  of  the  furface  to  bring  up  a level  or  1 
adit  from  the  low  grounds,  in  order  to  drain  their  j 
coals  of  the  water  to  the  depth  of  thefe  levels.  | 
Thefe  level  .mines  are  driven  up  in  a right  line  ) 
acrofs  the  bearing  of  the  ftrata;  that  is,  fuppofing'  i 
the  longitudinal  bearing  of  the  ftrata  trends  to 
the  fouth-weft,  the  level  mines  are  cut  at  right 
angles,  with  the  bearing  and  point  to  the  north- 
weft.  This  level  mine  is  cut  in  this  direction 
acrofs  the  ftrata  for  a mile,  or  about  fix  thoufand 
feet,  by  which  there  is  made  the  grandeft  and 
moft  extenfive  feftion  of  the  ftrata,  perhaps,  that 
is  to  be  found  in  any  country.  There  are  indeed 
in  many  countries  much  longer  adits  or  level 
mines  cut  from  the  valleys  up  to  the  mountains 
and  higher  grounds,  for  the  purpofe  of  draining 
the  water  from  mining  fields ; but  it  rarely,  or 
perhaps  never  happens,  that  they  pierce  and  cut 
through  fuch  a multiplicitysand  variety  of  ftrata 
in  thefe  long  adits  as  they  have  really  cut  at  Gil- 
merton.  In  many  places  the  ftrata  lie  pretty 
flat,  and  in  various  degrees'  of  flope  from  the 
horizontal  pofition.  In  thefe  they  may  drive  or 
cut  forward  a confidcrable  number  of  feet  or 
* fathoms  with  little  or  no  change  of  ftrata ; where- 
as in  perforating  the  ground  with  a level  mine  at 

Gilmerton 


Gilmer  ton,  they  have  a continual  change  of  flrata 
on  account  of  their  great  declivity,  llie  number 
and  variety  actually  cut  through  in  this  field  is  fo  • 
immenfe,  that  it  would  fill  a large  book  to  enume- 
rate and  defcribe  them  all.  Tliey  are  all  what  is 
commonly  called  coal-metals,  that  is,  fuch  ilrata 
as  are  generaWy  found  to  accompany  beds  of  pit 
coal ; and  there  are  above  lixty  beds  or  ftrata  of 
coal,  thick  and  thin,  cut  through  at  Gilmerton  in 
this  noble  feftion,  among  which,  about  twenty  of 
them  are  workable,  and  have  been  worked  at 
Gilmerton,  and  the  neighbouring  coal-fields. — 
The  reft  are  thin,  though  tegular  ftrata  of  coal; 
generally  from  between  two  feet  to  about  three 
or  four  inches  thick,  and  fome  of  them,  though 
regular  ftrata;  not  above  one  or  two  inches,' 
The  other  ftrata  of  different  qualities;  which  have 
been  cut  through  in  this  great  fedion,  are  in  ge- 
neral fuch  as  have  been  pointed  out  above  as  the 
ordinary  roof  or  pavement  of  coal.  Such  as,  for 
inftance,  of  the  hard  ftones,  they  have  cut  thro^ 
whin-ftone,  linle-ftone,  iron-ftone,  thick  beds  of 
poft  free-ftone,'  middling  and  thinner  beds  of  free- 
ftone,  dogger-bands,  that  is,  hard  beds  of  ftbne 
blended  with  a great  quantity  of  pyrites  and  other 
mineral  particles,  which  cement  this  ftone  into  a 
hard,  ftubborn,  obdurate  mafs,  not  eafily  broken 
cr  worked  through  ; and  they  have  cut  through 
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i eonfiderable  variety  of  thefe  feveral  fpecies  of 
hard  fhones.  They  have  likewife  cut  through  a 
great  variety  of  other  ftones  not  quite  fo  hard  as 
the  few  juft  named,  fuch  as,  for  inftance,  poft  free- 
ftone  of  various  fhades  of  white,  of  yellowifli 
white,  and  of  greyifli  white  colours,  of  middling 
hardnefs,  and  kindly  to  work  j alfo  regular  flrata 
of  free-ftone  of  various  textures,  colours,  and  de- 
grees of  thicknefs,  none  of  which,  however,  are 
fo  thick  as  to  be  called  poft-ftone.  Grey-bands 
are  innumerable,  which  are  thin  bedded  ftrata  of 
a compound  ftone  ; of  thefe  there  is  almoft  an 
infinite  variety,  as  to  colour,  quality,  and  thick- 
nefs. Of  ftratified  blaes,  or  argillaceous  coal- 
tills,  there  is  alfo  a prodigious  variety,  in  refpeft 
to  colour,  thicknefs  of  ftrata,  and  degrees  of 
ftrength  and  hardnefs.  The  fofter  coal  metals, 
as  .they  are  called,  that  is,  the  argillaceous  ftrata 
cut  through  at  Gilmerton,  are  fo  very  nume- 
rous and  various,  that  it  would  require  a vo- 
lume to  defcribe  them  all ; and  as  a conftder- 
able  number  of  them  have  been  defcribed  before 
in  the  hiftory  of  coal  roofs,  it  will  be  needlefs 
to  give  a repetition  of  them.  In  lliort,  the 
ftrata  cut  through  in  this  great  feelion  contain 
fuch  an  amazing  number^ and  variety,  that  they 
may  be  confidered  as  a very  complete  afleinblage 
and  example  of  the  ftrata  which  accompany  coal, 
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excepting  regularly  figured  bafaltes,  of  which 
there  is  none  at  Gilmerton,  though  they  have  cut 
through  feveral  beds  of  whin  of  various  colours, 
which  approach  the  quality  of  that  ftone. 

This  vaft  feQ:ion  and  immenfe  variety  of  ftrata 
have  not  only  been  cut  through  in  a horizontal 
direction,  by  driving  level  mines  through  them 
at  various  depths  below  the  furface  of  the  earth, 
but  they  have  alfo  been  repeatedly  cut  through  in 
a perpendicular  direftion  by  a very  great  number 
of  pits,  or  Ihafts,  of  various  depths  ; and  although 
it  would  be  impoflible  to  cut  through  them  all 
in  one  particular  fliaft,  yet  they  have  been  all 
frequently  cut  through  by  a very  great  number 
of  different  fhafts  of  various  depths.  Each  of 
thefe  different  fhafts  have  cut  through  a certain 
number  of  the  ftrata  of  this  great  feftion  in  dif- 
ferent parts  of  the  field  j but  if  all  thefe  fliafts 
which  have  really  cut  through  different  ftrata 
were  placed  one  above  another  in  a perpendicu- 
lar line,  it  would  be  a fhaft  of  about  nine  thou- 
fand  feet  in  depth,  which  happens  of  courfe  from 
the  greatnefs  of  the  declivity  of  the  ftrata  ; and 
all  the  ftrata  in  this  great  fedion  are  cut  through 
as  effeftually  and  as  diftindly  by  the  number  of 
fhafts  in  different  places,  as  if  they  were  cut 
through  by  one  perpendicular  fhaft  to  the  whole 
depth. 

The  fafts  here  afferted,  relating  to  this  great 
feflion,  are  well  known  to  a number  of  gen- 
tlemen 
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tlemen  of  knowledge  and  Ikill  in  thefe  mat- 
ters, fo  that  it  is  impoffible  for  me  to  impofe 
ppon  the  public  without  being  detected. 

To  know  with  fuch  a degree  of  certainty 
what  is  to  be  found  nine  or  ten  thoufand  feet 
below  the  furface  of  the  ground  in  any  coun- 
try, is  an  article  in  natural  hiftory  worth  attain- 
ing. There  are  but  few,  if  any  other,  parts  of  the 
world  which  can  produce  fo  deep  and  extenfive 
feftions  of  the  fhrata  which  compofe  the  fuper- 
ficies  of  our  globe.  It  is*  true,  indeed,  we  have 
traced  out  much  deeper  and  more  extenfive  fec- 
tions  of  the  ftrata  in  the  rivers,  glens,  and  pre- 
cipices in  the  Highlands  of  Scotland,  as  will  be 

^ t 

fliown  and  explained  in  the  fecond  volume  of 
this  work  ; but  thefe  fe^lions  were  cut.  by  the 
operations  of  nature ; thofe  at  Gilmerton,  &c, 
are  the  effefts  of  art  and  induftry. 

I fhall  now  return  to  my  purfuit  of  the  hif- 
tory of  the  coal  metals.  It  has  been  obferved, 
that  the  general  courfe  or  bearing  of  the  ftratJt 
in  this  ifland  is  nearly  from  north-eafl:  to  fouth- 
well:  y but  this  is  fo  far  from  being  a particular 
rule  that  may  always  be  depended  on,  efpecial- 
ly  with  refpefl:  to  the  coal  metals,  that  we  can 
never  prefume  to  know  which  way  they  trend, 
nor  which  way  they  dip,  until  we  fee  fome  of 
them.  Thofe  ftrata  which  decline  from  the 
horizon  with  a confiderable  degree  of  flope^  are 
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generally  found  to  be  more  true  and  conftant 
to  the  line  of  bearing,  than  fuch  as  lie  much 
nearer  the  horizontal  pofition ; the  reafon  or  caufe 
is  obvious.  When  ftrata  lie  very  flat,  or  nearly 
parallel  with  the  horizon,  they  frequently  vary 
from  the  ordinary  line  of  bearing,  by  waving  and 
wheeling.  We  fometimes  find  them  waving  up 
and  down  like  a high  fea  in  a calm,  after  the 
wind  which  raifed  the  waves  is  abated.  But 
this  is  too  brief.  We  muft  take  more  pains  to 
explain  this  point.  It  has  been  laid  down  as  a 
rule,  that  the  bearing  of  the  ftrata  in  general  is 
nearly  in  a line  from  north- eaft  to  fouth-weft, 
though  this  general  rule  is  not  without  fome 
local  exceptions.  We  lhall  endeavour  to  point 
out  and  explain  the  real  caufe  of  thefe  exceptions, 
in  order  to  which,  let  us  fuppofe,  that  the  coal 
metals  or  ftrata  in  any  field  lie  pretty  flat,  or 
nearly  parallel  to  the  horizon  ; that  the  ftrata 
in  that  field  trend  in  general  towards . the 
Ibuth-weft  ; and  that  the  general  dip  or  declivity 
of  the  ftrata  in  that  field  is  towards  the  fouth- 
eaft , and  the  rife  towards  the  north-weft,  which  is 
in  a right  line  acrofs  the  bearing.  Now,  fo  long 
as  thofe  ftrata  continue  to  have  exaftly  the  fame 
degree  of  flope,  they  will  alfo  continue  to  have 
exaftly  the  fame  line  of  bearing  ; but  where  the 
ftrata  are  very  flat,  this  perfedt  regularity  feldom 
ftretches  a great  way  in  any  line,  becaufe  the 
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ftrata  which  are  nearly  flat  in  any  particular 
place,  are  very  often  found  to  fall  perfectly  flat  a 
Kttle  way  forward  upon  the  line  of  bearing,  we 
may  fuppofe  at  the  diftance  of  half  a mile  ; and 
when  they  fall  quite  parallel  to  the  horizon,  they 
very  often  fall  over  the  horizontal  pofition  line, 
and  fo  acquire  for  fome  fpace  a different  dip  or 
Ene  of  declivity  than  they  had  before,  and  very 
probably  they  alfo  trend  in  a different  line  from 
the  former  for  the  fame  fpace  or  diflance.  Let 
«s,  for  the  further  explication  of  this  fubjeft, 
fuppofe,  that  the  ftrata  are  perfedlly  flat  and  level 
with  the  horizon  at  any  fixed  point,  as,  for  in- 
ftance,  in  a particular  inclofure  of  fo  many  acres, 
which  is  bounded  by  its  own  fences,  and  that 
when  you  advance  forward  out  of  this  inclofure 
into  the  next,  with  your  face  towards  the  fouth- 
weff,  the  flrata  then  begin  by  degrees  to  fall  from 
their  level  horizontal  pofition,  and  to  dip  towards 
the  fouth-wefl.  In  this  cafe  the  line  of  declivity 
is  towards  the  fouth-wefl,  which  was  the  line  of 
bearing  before  the  flrata  fell  quite  flat.  Now 
when,  and  while  the  line  of  declivity  is  towards 
the  fouth-wefl,  the  bearing  of  courfe  muff  be  in  a 
line  from  north-weft  to  fouth-eaft,  as  the  line  of 
bearing  and  the  line  of  declivity  always  crofs 
each  other  at  right  angles.  In  thefe  cafes  of  the 
ftrata  flattening,  and  of  their  dipping  towards 
another  point,  it  conflantly'  happens  that  this 

change 


( *°3  ) 


change  of  dip  is  only  local,  and  continues! 
but  for  a limited  fpace  or  diftance,  though  the 
precife  diftance  cannot  be  determined  by  us, 
until  we  come  to  know  it  by  obfervation  or  ex- 
perience. But  we  may  fuppofe  that  they  conti- 
nue to  dip  towards  the  fouth-weft,  with  an  eafy 
flope,  for  about  a quarter  of  a mile,  and  whea 
the  ftrata  arrive  at  that  point,  they  generally  fail 
perfectly  flat  again,  and  continue  fo  for  a limited 
fpace,  without  any  fenfible  dip  any  way,  and  at 
the  far  fide  of  that  fpace  the  ftrata  begin  to  rife 
gradually  towards  the  fouth-weft,  with  an  eafy 
acclivity,  and  then  the  line  of  declivity  is  to- 
wards the  north-eaft. 

At  prefent  they  rife  towards  the  fouth-welL 
A little  farther  forward  in  that  line  the  ftrata 
arrive  at  the  height  of  that  acclivity,  flatten  upon 
the  height  for  a limited  fpace,  and  ftill  farther 
forward  they  gradually  begin  to  dip  again  to- 
wards the  fouth-weft,  and  fo  on  perhaps  for 
many  times  over  again  ; and  this  is  what  I call 
the  waving  of  the  ftrata ; and  in  fa£i:  the  ftrata  in 
this  cafe  refemble,  upon  a large  fcale,  the  waves 
of  the  ocean  in  a calm  day  after  a ftorm. 

When  the  ftrata  fall  quite  flat,  or  perfedly  pa- 
rallel to  the  horizon,  between . thefe  great  waves, 
of  confequence  they  muft  then  fpread  over  a 
much  greater  extent  of  country  than  before, 
while  they  dipped  towards  the  fouth-eaft  5 and  as 
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the  true  liiie  of  declivity  is  fuppofed  to  be  to- 
wards the  fouth-eafl;  when  the  ftrata  fall  quite 
fiat,  then  they  muft  ftretch  away  and  fpread  out 
far  towards  the  north-weft,  a great  way  beyond 
the  former  line  or  limits  of  the  furperficies  of 
the  ftrata ; and  this  I call  the  wheeling  of  the 
ftrata  ; and  ’in  fa£l,  when  in  this  pofition,  they 
frequently  do  ftretch  far  beyond  the  former  li- 
mits of  the  fuperficies  or  crop  of  the  ftrata,  and 
fetch  a great  compafs  over  an  extent  Of  country,’ 
fometimes  of  miles  north-weft  of  the  former  crop 
or  outburft:  When  the  horizontal  ftrata,  from 
dipping  a little  towards  the  fouth-eaft,  fall  quite 
fiat,  they  fometimes  do  not  ftop  thercj  but  fall 
over,  that  is,  the  iiorth-weft  fide  of  that  clafs  or 
range  of  ftrata  fall  quite  over  the  horizontal  level, 
and  dip  for  fome  diftance  towards  the  north-weft^ 
which  occafions  the  ftrata  to  ftretch  ftill  farther 
towards  that  point,  than  if  they  only  fell  quite 
fiat  or  parallel  to  the  horizon.'  The  truth  isj 
when  once  the  ftrata  come  to  a horizontal  flat- 
nefs,  they  are  often  found,  while  they  continue 
near  that  pofition,  to  lean  and  dip  this  way  and 
that,  without  the  leaft  regard  to  the  true  line  of 
bearing  or  declivity. 

While  the  ftrata  continue  in  this  horizontal 
pofition^  they  are  fometimes  found  equally  flat, 
that  is,  to  continue  upon  a level  plane  for  a con- 
fiderablc  extent  of  ground  ; but  more  frequently 
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they  are  only  found  to  be  flat  in  general  with  re- 
fpedt  to  their  fpreading  over  an  extenfive  coun- 
try ; but  with  refpedl  to  different  particular  fpots 
or  compartments  of  that  country,  they  are  found 
to  lean  this  way  and  that  at  much  uncertain- 
ty ; fometimes  forming  ridges  and  troughs,  and 
fometinies  a bafon ; and  thefe  various  changes  of 
dip  and  rife  in  the  horizontal  coal  mdtals,  are 
fometimes  upon  a large  fcale,  and  fometimes  upon 
a fmall  one.  What  I mean  by  a bafon  in  the 
horizontal  flrata  is,  when  any  extent  of  them  of 
lefs  or  greater  dimenfions  fall  loweft  in  the  mid- 
dle, and  rife  gradually  towards  the  outfkirts,  all 
round,  iri  the  form  of  a piece  of  low  hollow 
'ground  in  a meadow,  which  contains  a lake  of 
ftagnant  w'ater  in  a rainy  feafon ; and  to  form 
this  bafon  in  flat  feams  of  coal,  it  mufl  bO  utider- 
ftood  that  the  flrata  dip  inward  all  round  towards 
a common  center,  and  Of  courfe  there  mufl  be  - 
an  acclivity  or  rife  of  the  flrata  from  that  center 
quite  round  towards  the  outfkirts  of  that  bafon. 
it  cannot  be  fuppofed  that  thefe  bafons  dip  regu- 
larly towards  the  center  in  a perfeft  circular 
form  ; however,  I have  feen.fome  of  them  fo  near 
it,  that  the  eye  could  not  determine  at  once, 
without  examining  circumilances,  wdiich  was  the 
fhortefl  or  which  the  longeft  diameter  of  thfe 
circle.  I’hefe  bafons,  as  w'ell  as  all  the  other  va- 
rious pofitions  of  the  flrata,  are  found  upon  va- 
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rious  fcales.  Some  of  them  are  not  a quarter  of 
a mile  in  diameter  before  the  feam  of  coal  and 
other  ftrata  ftretch  away  in  a different  pofition, 
and  fome  of  them  are  much  more  than  a mile  in. 
diameter  ; and  it  generally  happens,  that  in  thefe 
large  bafons  the  dip  and  rife  of  the  coal  are  fo 
little  and  gradual  as  hardly  to  be  perceived  in 
fome  parts. 

When  thefe  various  local  declinations  of  the 
flat-lying  flrata  happen  to  be  upon  a large  fcale, 
it  makes  fmooth  work  in  carrying  on  a colliery 
in  any  of  them,  becaufe  you  advance  a great  way 
before  you  come  to  any  fenfible  change  of  the  dip 
and  rife  that  will  any  way  affeft  and  diflurb  the 
plan  of  working  ; but  on  the  contrary,  when  the 
waving  and  wheeling  of  the  flrata  is  upon  a fmall 
fcale,  the  different  fudden  changes  of  the  dip  and 
rife  are  frequently  very  troublefome  and  expenfive. 
As,  for  inflance,  the  narrower  or  fmaller  a trough 
is,  it  generally  happens  that  the  coal  and  other 
flrata  dip  down  the  more  precipitately,  in  propor- 
tion to  the  fmall  dimenfions  of  the  trough,  and 
of  confequence  it  is  more  difficult  to  work  down 
a fudden  precipitate  flope  than  a gradual  eafy 
Hope,  and  efpecially  if  there  is  much  water  in  the 
i^ine.  The  fame  difficulty  occurs  when  we  meet 
with  high  and  narrow  ridges  between  troughs. 
We  may  afcend  up  the  nearefl  fide  of  one  of 

thefe 


( 107  ) 


thefe  ridges,  and  work  away  over  the  top  or 
higheft  part  of  it  very  well ; but  when  we  begin 
to  defcend  down  the  far  fide  of  it,  we  immediate- 
ly find  water,  and  perhaps  cannot  proceed  until 
we  go  back  -to  the  loweft  place,  and  bring  up  a 
level  mine  under  the  pavement  of  the  coal,  quite 
through  the  ridge,  in  order  to  level  the  coal  upon 
the  other  fide  of  it.  Some  of  the  Scots  colliers 
call  this  a ridge,  others  of  them  call  it  a hirji, 
and  fome  of  them  call  it  a fow^s-back ; but  all 
the  hollow  parts  in  the  coal  are  called  troughs  by 
them,  whether  they  are  troughs  or  bafons,  &c. 
The  ’coal  is  fometimes  found  thinner  than  ordi- 
nary upon  the  top  of  a fow’s-back  or  a narrow 
ridge,  but  when  'the  waving  of  the  ftrata  is  fo 
gradual  as  to  make  the  dip  and  rife  of  the  coal 
fcarcely  perceptible,  the  thicknefs  of  the  coal  is^ 
but  feldom  affeded,  either  by  the  ridges  or  the 
troughs.  ' ’ * ' 

I obferved  above,  that  thefe  ridges  and  troughs 
fometimes  refemble  long  and  large  waves  of  the 
fea  j but  it  may  be  proper  for  me  farther  to  ob- 
ferve,  that  thefe  ridges  are  in  fome  places  upon  fo 
large  a fcale,  that  the  waves  of  wateV  are  not 
fuited  to  convey' an  adequate  idea  of  the  fpacious 
dimenfions  of  the  troughs,  and  of  the  ample  ex-, 
tent  and  magnitude  of  the  ridges.  Every  body 
mull  have  feen  long  and  low  mountains  or  ridges 
of  rifing  ground  running  parallel  to  one  another, 
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with  valleys  of  moderate  extent  or  breadth  inter- 
pofed  between  them.'  In  fome  places,  the  waving 
of  the  flrata  is  upon  fo  large  a fcale  as  to  re- 
femble  thefe  parallel  ridges  and  valleys  which  di- 
verfify  the  face  of  the  country. 

Let  it  not  be  imagined  that  all  this  buftle  about 
the  waving  and  wheeling,  and  other  various  de- 
clinations of  the  coal  metals,  is  the  work  of  fancy, 
an  imaginary  fcheme  to  amufe  fuch  as  are  igno- 
rant of  thefe  matters.  It  is  a fa£t  well  known  to 
all  who  are  acquainted  with  the  natural  hiftory 
of  the  flrata,  and  the  fadlis  obvious  to  the'obfer- 
vation  of  fuch  as  look  into  thefe  matters,  and  it 
might  be  proved  by  a number  of  local  inftances^ 
The  horizontal  coals  which  are  worked  in  Mid- 
Lothian  in  Scotland,  all  round  Dalkeith,  ‘ are 
found  to  wave  confiderably  in  feveral  places,  par«‘ 
ticularly  when  they  go  fouth  towards  the  parifhes 
of  Carington  and  Temple,  and  farther  weft,  in 
the  parifli  of  Linton  in  Tweedale ; fome  of  thofe 
Ooals  have  been  worked  in  the  lands  of  Carlops, 
through  feveral  troughs  and  over  feveral  ridges. 

‘ The  coal  which  has  been  moftly  worked  out 
in  the  farm  of  Carlops,  fo  far  as  they  could  reach 
it  with  adits  or  levels,  is  all  of  it  found  in  the 
waving  order,  that  is,  in  ridges  and  troughs,  and 
the  variation  of  the  dip  and  rife  there  generally 
confifts  of  gentle  eafy  fwelling  waves,  and  I know 
that  the  coal  is  whole  and  unwrought  in  the  bot- 
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tom  of  fome  of  the  troughs  there,  becaufe  they 
could  not  drain  it  with  their  levels ; and,  more- 
over, it  is  known  to  feveral  coal-mafters,  that 
the  fplenty  coal  and  others,  which  are  wrought 
to  the  fouth-weft  of  Dalkeith,  acrofs  under  the 
rivers  North  and  South  Efk,  afeend  the  north 
fide  of  the  hill  or  rifing  ground  to  the  fouth  of 
Dalkeith, — crofs  the  height  of  that  hill  by  Black- 
fide,  &c.  and  then  defeend  quite  down  the  fouth 
fide  of  the  hill,  and  crofs  the  va;lley  by  Oxenford 
and  Cranfton,  and  are  aGually  feen  and  wrought 
upon  the  fouth  fide  of  the  valley  and  river  at 
Cranfton,  fo  that  here  they  are  found  to  wave,  or 
to  rife  and  fall,  upon  a large  fcale,'‘as  the  extent 
of  the  ground  now  mentioned  is  about  five  miles 
in  a line  from  LalTwade,* which  is  fituated  a little 
weftward  of  Dalkeith,  to  the  fartheft  "place  where 
thefe  coals  have  been  worked  upon  the  fouth  fide 
of  the  river  at  Cranfton ; and  in  this  line  the 
fplent  coal,  &c.  has  been  worked,  and  is  now 
working  by  John  Clerk,  Efq;  of  Eldin, — by  the 
Marquis  of  Lothian  in  feveral  places  fouth  of  Dal- 
keith,— by  Sir  John  Dalrymple  at  Blackfide,  and 
alfo  upon  both  fides  of  the  river  at  Cranfton.  I 
could  produce  a great  many  more  inftances  in 
point,  but  thefe  are  fufiicient  to  fhow  the  fa£t, 
and  to  confirm  the  doctrine  of  the  waving  of  the 
ftrata. 
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From  this  inveftigation  of  the  fubjedl,  that  is, 
from  the  refult  of  thefe  enquiries  about  the  wav- 
ing and  wheeling  of  the  horizontal  flrata  of  coal, 
it  is  obvious  at  firft  glance  that  this  variation  of 
the  flrata  from  the  common  lines  of  bearing  and 
declivity,  is  fo  far  from  deferving  to  be  reckoned 
in  general  among  the  ordinary  troubles  and  irre- 
gularities of  the  flrata,  that  in  faft,  inflead  of  be- 
ing a nuifance,  they  are  in  general  a great'  benefit 
,to  fociety.  Their  falling  very  fla»t,  and  fome- 
times  falling  quite  over  the  horizontal  level,  and 
dipping  the  contrary  way,  and  their  waving  up 
and  down,  as  defcribed,  fpreads  abroad  the  fame 
individual  flratum,  or  a number  of  flrata  of  coal, 
over  a much  greater  extent  of  country  than  if 
they  preferved  invariably  the  fame  degree  of  de- 
clivity, and  the  fame  line  of  bearing,  as  they  are 
found  to  have  before  they  fell  quite  parallel  to  the 
horizon.  Their  falling  fometimes  quite  flat,  and 
their  declining  this  way  and  that,  in  the  variety 
of  pofitions  defcribed,  keeps  the  coals  floating 
near  the  furface,  within  our  reach,  over  an  ex- 
tenfive  country,  by  which  means  we  can,  at  a 
moderate  expence,  work  ten  times  more  of  them  ; 
in  fome  inflances,  perhaps,  we  can  work  twenty 
times  more  of  them  than  if  they  dipped  down  to- 
wards the  center  with  an  uniform  and  invariable 
flope  or  declivity  j for  if  the  line  of  declivity  was 
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invariable,  however  eafy  and  gradual  the  flope 
might  be,  they  would  too  foon  dip  down  quitd 
out  of  our  reach.  But  matters  are  much  bettet 
difpofed  for  our  good,  as  by  means  of  the  paral- 
lel flips  defcribed  above,  which  throw  the  fame 
coals  many  times  up  again  nearer  the  furface, 
which  ^ves  us  the  fame  feams  of  coal  many  times^ 
over  again  ; and,  by  means  of  this  waving  and 
floating  of  the  coals  near  the  furface,  we  haye 
a much  greater  fund  of  them  in  our  power  than 
we  could  have  by  any  uniformity  of  the  ftrata. 
There  is  an  inftance  of  this  at  Pitfirran  in  Fife, 
where  the  coals  dip  towards  various  points  of  the 
compafs,  and  in  confequence,  I believe,  that  they 
have  already  worked  out  ten  times  more  coals 
there,  than  they  could  have  done  with  one  uni- 
form line  of  bearing  and  declivity. 

Here  we  have  an  opportunity  of  admiring  the 
wifdom  and  benevolent  deligns  of  providence,  in 
making  the  irregularities  of  the  ftrata,  which 
may  be  thought  by  fome  to  be  the  blemiflies  of 
nature,  yet  thefe  are  made  to  turn  out  for  the 
convenience  and  emolument  of  fociety.  But  J 
mean  to  fliow  in  another  place,  that  the  breaks 
and  irregularities  of  the  ftrata  are  not  blemiflies 
of  nature,  but  that  they  are>  all  of  them  the  ne- 
ceflary  and  unavoidable  refult  and  effects  of  na- 
tural and  neceflary  caufes. 
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. Before  I leave  this  topick,  I fliould  obferve, 
that  although  the  coals  and  coal  metals  are  found 
fometimes  to  fall  from  different  degrees  of  de- 
clivity  to  a horizontal  flatnefs,  and  while  they 
continue  near  that  pofition,  that  they  wave  and 
wheel,  and  vary  the  Hope  and  bearing,  and  fo  float 
and  fpread  near  the  furface  over  an  extent  of 
country,  yet  it  muff- not  be  underftood  that  they 
always  continue  in  this  waving  pofition.  In 
fome  coal  fields  they  do  continue  in  the  horizon- 
tal waving  pofition  over  an  extent  of  country  of 
feveral  miles  every  way,  but  in  other  places  they 
do  not  fpread  fo  wide  before  they  fall  back  to- 
wards the  firll  and  regular  line  of  bearing,  and 
again  acquire  a regular  ftretch,  bearing,  and  de- 
clivity ; and  when  the  ftrata  are  thus  reduced  to 
a more  uniform  bearing  and  declivity,  there  is 
no  fuch  thing  as  determining  the  degree  of  flope 
they  may  fall  to.  I have  feen  fome  coals  acquire 
a horizontal  and , a waving  pofition,  and  after- 
wards, farther  towards  the  fouth-well  or  towards 
the  north-eaft,  I have  feen  the  declivity  again 
fall  fo  fteep  as  the  angle  forty-five,  and  in 
fome  particular  inftances  I have  feen  them  ftill 
Higher  the  vertical  pofition.  There  are  alfo  fome 
inftances  of  their  not  recovering  the  former  regu- 
lar bearing  and  declivity,  but  continue  to  wave 
and  wheel  to  the  extremity  ot  the  limits  of  the 
coal  field,  efpecially  towards  the  fouth-weft.  We 
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have  an  inftance  of  this  in  the  horizontal  coal 
metals  of  Mid-Lothian,  which  never  recover  a re- 
gular, uniform,  and  continued  line  of  bearing  and 
declivity,  after  they  once  begin  to  wave,  until  they 
arrive  at  the  extreme  boundary  of  the  coal  me- 
tals towards  the  fouth-weft,  and  I could  produce 
other  inftances  if  necelTary. 

There  is  yet  another  circumftance  relating  to 
the  ftrata  of  coal,  which  I Ihould  note  in  this  place. 
I have  made  it  evidently  appear,  that  the  ftrata  of 
coal,  and  their  concomitants,  fometimes  vary  from 
the  true  line  of  bearing  confiderably,  by  falling 
to  the  horizontal  pofttion,  and  by  waving  and 
wheeling,  &c. ; but  in  this  cafe,  however,  the 
true  line  of  bearing  ceafes  to  be  the  dead  level 
line,  as  any  change  in  the  degree,  or  in  the  line 
of  declivity,  changes  the  dead  level  line;  yet  it  ge- 
nerally happens,  neverth clefs,  that  there  really  is 
coal  ftill  in  the  true  line  of  bearing  all  the  way  to 
the  extreme  boundary  of  the  coal  field,  although 
that  line  ceafes  to  be  the  dead  level  line,  and, 
therefore,  we  cannot  determine,  without  experi- 
ence, at  what  depth  it  is  to  be  found.  We  rec- 
kon the  true  line  of  bearing,  or  what  may  be  cal- 
led the  bearing  of  the  ftrata,  in  general  through 
the  Ifland  of  Britain,  to  be  nearly  from  north-eaft 
to  fouth-weft.  When  this  line  is  loft  in  any  par- 
ticular place  in  a coal  field  by  the  flattening  and 
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waving  of  the  ’ftrata,  it  enlarges  the  coal  field  in 
breadth,  but  it  does  not  follow  that  the  coals  are 
ioft  in  any  part  of  the  line. 

I believe  that  there  aVe  many  who  imagine 
that  the  coals  below  refemble  the  figure  of  the 
furface  of  the  ground  above,  and  that  they  are 
alfefled  by  it ; and  I apprehend  that  my  obferva- 
tions  about  the  various  changes  of  declivity  in 
horizontal  ftrata,  and  the  inftances  adduced  in 
proof  of  that  variety,  may  be  conflrued  by  fome 
as  a confirmation  of  that  opinion.  If  the  notion  , 
were  true,  that  the  difpofition  of  the  ftrata  below 
ground  refembles  the  figure  of  the  furface  above, 

I apprehend,  that  the  o-bfervation  might  be  fo  im- 
proved as  to  be  of  great  utility  in  praftice.  Upon 
this  fuppofition,  when  we  fee  an  uniformly  regu- 
lar furface,  we  might  expefl  that  the  fubterranean 
geography  would  alfo  be  regular.  When  we  fee 
a wavy  country,  which  gently  fwells  into  broad 
ridges,  and  finks  into  hollow  valleys,  we  might 
then  expeft  that  the  ftrata  would  likewife  wave 
up  and  down  ; and  when  we  meet  with  a rugged 
broken  furface,  we  fhould  be  led  to  expeft  as 
much  irregularity  below  ground  as  above. 

This  hypothefis  may  appear  to  ^fome  at  firft; 
fight  at  leaft  plaufible,  and  therS  may  be  inftances 
found  where  the  dip  and  rife  of  the  ftrata  appear 
to  confirm  the  hypothefis  ; but  thefe  inftances  are 
fo  few,  and  there  is  fo  much  of  chance  in  them, 
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that  whoever  fhall  depend  upon  .-always  finding 
this  correfpondence,  will  be  frequently  difappoint- 
ed,  becaufe  fuch  an  inftance  is  a mere  chance, 
and,  therefore,  in  fuch  cafes  we  fhall  always  find 
it  wifeft  and  befl  to  fufpend  our  judgment  until 
we  can  bring  obfervation  and  experience  in  aid. 
Thefe  will  infallibly  lead  us  the  neareft  way  to 
the  truth.  Opinion  and  ill-grounded  notions 
will  generally  lead  us  aftray. 

I .have  frequently  feen  great  irregularity  and 
diford er  beneath  a regular  unbroken  level  furface; 
and,  on  the  contrary,  I have  feen  the  flrata  re- 
markably plain  and  regular  underneath  a rugged 
unequal  broken  furface.  In  fome  few  places,  we 
fee  the  flrata  for  a little  way  dip  and  rife  as  the 
furface  of  the  ground  does ; but  this  in  general 
is  all  chance,  and  of  fhort  continuance.  It  is  no 
rule  upon  which  we  can  depend,  for  we  fhall  as 
often,  and  much  oftener,  find  them  dipjflng  into 
the  hill,  againfl  the  rife  of  the  furface  of  the 
ground,  and  acrofs  it  in  a right  and  in  a diago- 
nal dire<Elion,  and  to  all  points,  without  regard 
to  the  figure  or  quality  of  the  furface. 

I have  in  fome  places  feen  low  hills  in  coal 
countries  which  fwelled  to  a round  or  oval  figure, 
with  an  eafy  rife  or  afcent.  upon  all  fides,  in. 
which  the  flrata  appeared  to  dip  and  rife  almofl 
all  round,  nearly  with  the  fame  flope  as  the  fur- 
face  of  the  ground ; and,  on  the  contrary,  in  pther 
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little  hills  of  the  fame  figure,  I have  feen  the 
firata  dipping  into  the  hill  upon  all  fides,  fo  that 
each  ftratum  on  fuch  little  hill  formed  the  figure 
of  a bafon,  and  all  the  firata  in  the  hill  formed  a 
nefi  or  pile  of  bafons  within  one  another ; but 
thefe  are  uncommon  infiances,  feldom  to  be  met 
with,  and  only  to  be  feen  in  a very  few  places, 
where  circumfiances  favour  the  difcovery,  and 
which  are  never  to  be  regarded  as  a rule. 

The  declivity  of  the  coal  metals  is  fo  va- 
riable, both  in  refpedl  to  the  degree  of  flope, 
and  to  the  point  towards  which  they  dip,  that 
we  have  no  fure  rule  which  will  guide  us  every 
where  to  judge  of  it  but  obfervation  and  experi- 
ence, for  we  find  them  as  often  dipping  againft 
the  flope  of  the  ground  as  with  it.  Sometimes 
we  find  the  firata  in  a coal  country  running  pa- 
rallel to  the  fide  of  a hill,  or  ridge  of  ground, 
and  we  as  often  find  them  crofllng  fuch  a hill  in 
a right  and  in  a diagonal  line. 

The  coals,  lime-fiones,  and  other  firata  run  air 
mofi  right  acrofs  the  Bathgate  hills  in  Wefi- 
Lothian,  and  almofi  right  acrofs  the  high  and 
low  grounds  contiguous  to  thofe  hills  upon  both 
fides ; and  although  the  coals  and  other  fira- 
ta climb  quite  over  the  high  ground  to  the 
fouth  of  Dalkeith,  and  acrofs  the  low  grounds  at 
(^ranfion,  as  I pointed  out  above,  yet  this  has 
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more  relation  to  the  waving  of  the  ftrata  than  to 
the  waving  of  the  furface  of  the  ground. 

As  a proof  of  this  alfertion,  the  ftrata,  as  I | 
already  hinted,  run  nearly  right  acrofs  the  Bath-  | 
gate  hills,  and  of  the  valleys  and  high  grounds 
upon  both  fides,  from  the  fouth  fid?  of  the  Forth 
until  they  crofs  the  river  Breich,  fouth-well  of 
Mid-Calder ; yet  it  is  to  be  obferved,  that  the 
ftrata  of  coal,  lime-ftone,  and  others  in  thofe  high 
and  low  grounds,  decline  fometimes  towards  the 
weft,  and  fometimes  towards  the  eaft,  which  mull 
be  owing  to  the  waving  of  the  ftrata,  but  then 
they  do  not  wave  with  the  furface  of  the  ground. 
The  ridges  and  valleys  here  run  nearly  eaft  and 
weft,  but  the  bearing  of  the  ftrata  is  nearly  north 
and  fouth ; and  whether  the  ftrata  dip  to  the  weft 
or  to  the  eaft,  the  fame  line  of  bearing  towards 
the  fouth  is  ftill  continued,  and  of  confequence 
the  difference  of  dfip  or  declivity  of  the  ftrata  muft 
be  occafioned  by  their  waving  up  and  down,  with- 
out any  regard  to  the  figure  of  the  ftrata. 

In  all  my  obfervatiops,  which  have  been  pretty 
extenfive,  I never  yet  found  that  the  external  fi- 
gure of  the  furface  governed  the  pofition  or  the 
bearing  and  declivity  of  the  ftrata  below,  and, 
therefore,  I infer,  that  wherever  the  coal  and 
other  ftrata  below  are  found  to  dip  and  rife  as 
the  furface  of  the  ground  does  above,  it  is  merely 
accidental  and  by  chance,  without  the  leaft  re- 
lation 
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tion  or  refpeft  to  any  rule  or  regular  law  of  na-  * 
ture.  And  even  in  the  inftance  above-mention- 
ed  to  the  fouth  of  Dalkeith,  where  the  ftrata  '"j 
pafs  under  the  valleys,  and  climb  over  the  high  ' 
grounds,  yet  even  there  they  are  far  from  dip-  l 

ping  and  rifing  every  where  with  the  furface  of  ^ 

the  ground ; on  the  contrary,  the  rife  and  declivi- 
ty of  the  ftrata  are  found  to  be  different  from  the  ' 
flope  of  the  furface  in  feveral  places  within  the 
diftance  above-mentioned,  which  muft  be  owing  ; 
to  the  waving  of  the  ftrata,  and  to  the  various 
degrees  of  declivity  in  different  places. 

I have  dwelt  the  longer  upon  this  part  of  my 
fubject,  and  have  taken  pains  thoroughly  to  fearch 
it  out,  with  a view  to  obviate  the  miftaken  notion 
which  many  entertain  of  the  coal  ftrata  preferv- 
ing  one  continued  line  of  bearing  invariably,  and 
to  fet  people  on  their  guard  againft  the  confe- 
quences  of  fuch  a miftaken  notion. 

From  all  the  obfervations  w'^hich  I have  made  , 
in  the  courfe  of  my  folitary  perambulations,  and  ; 
from  my  long  experience,  I may  fafely  draw  this  ' 
general  conclufion,  and  lay  it  down  as  a rule, 
namely,  that  we  can  place  no  dependance  upon  ; 
the  bearing  and  declivity  of  the  ftrata,  at  any  con-  ^ 
fiderable  diftance  out  of  our  fight  and  knowdedge  I 
of  them,  and  more  efpecially  the  horizontal  ftrata,  < 
becaufe  they  are  fo  often  thrown  out  of  the  courfe  4' 
of  both,  by  waving  and  wheeling,  and  by  dykes, 
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flips,  See.  which  ought  to  make  people  more  cau-  ' / 

tious  than  they  often  are  in  launching  out  ex- 
pences  in  finking  for  coal  at  hazard,  from  a 
confident  perfuafion  of  its  running  invariably 
upon  one  line  of  bearing  through  the  whole 
length  of  a country.  Experience  will  often  in 
this  cafe  punilh  them  for  their  temerity  when 
they  find  that  they  are  wrong. 

I have  frequently  feen,  in  a great  number  of 
places,  the  horizontal  ftrata  varying  the  line 
of  bearing  by  their  falling  flat,  and  then  dip- 
ping towards  various  points  diflerent  from  the 
former  line  of  .declivity,  and  by  thefe  means 
fpreading  abroad  over  a great  extent  of,  coun- 
try, quite  out  of  the  former“  line  of  bearing, 
which  I have  proved  to  be  a great  benefit  to  the  p., . 
community  in  general,  as  by  this  means  the  coals  ^ / ’ 
are  kept  floating  near  enough  to  the  furface  to 
be  worked,  fometimes  for  feveral  miles  every 
way ; from  which  I infer,  that  if  they  are  thus 
liable  to  be  diverted  out  of  the  former  line  of 
bearing,  we  ought  not  to  rilk  too  much  upon  an 
uncertainty.  There  are  more  chances  of  the 
coals  being  turned  off  the  line  of  bearing  than  of 
their  continuing  in  it  at  any  confiderable  diftance; 
and  as  there  are  means  of  afeer-taining  the  point, 
we  Ihould  be  well  allured  of  coal  before  we  launch 
into  expenfive  trials  for  it.  t 
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With  refpeft  to  fuch  flrata  of  coal  as  have  a 
great  degree  of  flope,  it  may  be  obferved  of  them 
in  general,  that  they  are  more  regular  in  the  lines 
of  bearing  and  declivity  than  the  horizontal  ftrata. 
When  the  line  of  declivity  of  a feam  of  coal,  with 
its  concomitant  ftrata,  approach  the  angle  forty- 
five,  or  a few  degt'ees  above  or  below  that  angle, 
the  ftrata  are  found  to  be  much  more  regular 
in  their  declivity  and  bearing  than  when  they  are 
very  flat;  however,  even  thefe  are  not  fo' regular 
as  not  to  vary,  and  fometimes  confiderably. 

In  fome  coal  countries  we  find  clafles  or  arrange- 
ments of  coal  feams,  with  their  concomitant  ftrata, 
dipping  down  with  fo  much  precipitation  as  to  be 
denominated  edge-feams  ; and  fometimes,  in  the 
fame  neighbourhood,  we  fhall  have  another  clafs 
of  coals,  &c.  lying  very  fiat,  and  both  of  thefe 
running  parallel  to  one  anbther.  We  have  an 
inftance  of  this  in  the  edge-coal  feams  of  Gilmer- 
ton,  &:c.  near  Edinburgh,  and  of  the  flat  coals  to 
the  fouth  of  them- 

The  edge  feams,  as  I obferved  before,  are  in 
general  much  more  regular  in  the  bearing  and 
declivity  of ‘the  ftrata  than  fuch  as  are  very  fiat, 
notwithftandino^  we  find  neither  of  them  fo  reg-u- 
lar  as  not  to  meet  with  great  variations.  In  tra- 
cing the  courfe  of  edge-feams  backward  and  for- 
ward upon  the  line  of  bearing,  I have  frequently 
feen  them  vary  confiderably  in  the  degree  of  de- 
clivity 
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clivity,  fo  as  in  fome  places  to  become  nearly  and 
even  altogether  as  fiat  as  fome  of  the  horizontal 
coals,  which  in  Scotland  are  denominated  fiat- 
broad  coals ; and,  in  other  places,  I have  feen 
them  turned  up  quite  on  edge,  or  into  a vertical 
pofition.  There  is  an  inftance  of  both  thefe  vari- 
ations to  be  feen  in  the  edge-coals  and  coal  metals 
to  the  fouth  of  Edinburgh.  This  arrangement 
of  coals,  with  their  concomitant  ftrata,  trend 
away  from  the  fouth  fide  of  the  Forth  by  Dud- 
dingftone,  Niddry,  Edmondftone,  Gilmerton, 
Loanhead,  and  other  places.  There  are  more  than  , 
fixty  feams  of  thefe  edge-coals,  thick  and  thin, 
and  in  fome  places  in  their  courfe  there  are 
more  than  twenty  fqams  of  them  workable. 

This  clafs  of  coal-feams,  with  their  concomi- 
tant ftrata,  dip  towards  the  fouth-eaft,  and  rife  to- 
wards the  north-weft,  and  of  confequence  the 
bearing  or  dead  level  line,  which  is  the  fame  as 
the  line  of  bearing,  is  towards  the  fouth-weft.  I 
am  pretty  well  acquainted  with  thefe  coals  and 
their  concomitant  ftrata,  from  the  fea  at  Dud- 
dingftone,  for  about  fixteen  miles  fouth-weft  upon 
the  line  of  bearing,  where  they  terminate  and  go 
no  farther  in  that  line,  but  turn  away  in  a right 
angle  towards  the  fouth-eaft.  I have  feen  thefe 
coals  in  many  places  upon  this  line  of  bearing, 
which  is  about  fixteen  miles  ^ong,  and  in  general 
they  are  very  regular  in  the  lines  of  declivity  and 
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bearing.  Thefe  coals  are  called  edge-feams,  bc- 
caufe  they  dip  precipitately  with  a very  great 
flope.  The  general  degree  of  the  declivity  of 
thefe  coals  is  about  the  angle  forty-five  from  the 
horizon.  In  fome  places  they  Hand  higher,  that 
is,  more  upright,  and  in  other  places  fome  lower ; 
but  r think  that  the  medium  dip  is'  about  forty- 
five,  or  at  moft  forty-feven  degrees. 

There  are  but  few  places  in  Scotland  where  a 
clafs  of  coals  and  coal  metals  can  be  traced  fo  far 
as  thefe  in  a ftraight  line,  which  naturally  infers, 
that  thefe  coals  (Iretch  away  up  the  country  very  re- 
gularly in  the  true  line.of  bearing,  and  confequent- 
ly  that  the  declivity  of  thefe  coals  is  likewife  very 
regular,  as  in  fafl  the  mutual  regularity  of  thefe 
two  lines,  when  applied  to  feams  of  coal,  depend 
upon  one  another.  But  notwithftanding  the  re- 
markable regularity  of  the  bearing  and  declivity 
of  thefe  coals  in  general  for  fo  long  a llretch, 
there  are  by  the  way  in  fome  places  confiderable 
deviations  from  both.  At  a place  called  the 
Bank,  betwixt  Edmonftone  and  Niddry,  about 
two  miles  fouth-w’^eft  from  the  fea  thefe  ftrata 
are  found  perfectly  in  a vertical  pofition.  In 
proof  of  this,  coal-pits  of  confiderable  depth  have 
been  funk  in  a feam  of  coal  from  top  to  bottom 
without  going  out  of  the  coal  the  whole  depth, 
either  into  the  roof,  which  is  upon  one  fide,  nor 
into  the  pavement,  which  is  upon  the  other  fide 
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of  the  feam  of  coal ; and  this  is  the  clearefl:  proof 
imaginable  of  their  being  In  a vertical  pofition, 
as  thefe  pits  are  funk  by  a plumb  line  perfeflly 
perpendicular. 

I hinted  before,  that  the  fuperficies  of  a confi- 
derable  number  of  thefe  ftrata  are  cut  in  the  fide 
of  the  high  road  from  Edinburgh  to  Dalkeith, 
near  Edmondftone,  where  they  likewife  appear 
to  Hand  in  a vertical  pofition  ; and  this  place  Is 
about  half  a mile  fouth-weft  from  the  Bank.  At 
Gilmerton,  which  is  more  than  a mile  fouth-weft 
of  the  Bank,  the  grcateft  number  of  the  edgc- 
feams  decline  much  about  the  angle  forty-five, 
though  fome  of  the  fouthmoft  of  the  coals  are 
higher,  but  then  fome  of  the  northmoft  of  them 
are  lower,  and  therefore  I reckon  the  angle  forty- 
five  to  be  the  medium  dip  in  that  ground. — 
Some  of  thefe  coals  are  pretty  near  to  one 
another,  and  others  of  them  are  farther  afimder ; 
but  the  northmoft  of  all  the  feams  which  have 
been  worked  is  much  farther  off  than  any  of  the 
reft,  that  is,  there  is  a much  greater  diftance  be- 
twixt ihis  feam  and  the  next  workable  coal  to  the 
fouth  of  it,  than  there  is  betwixt  any  other  two 
feams  In  the  whole  field ; and,  as  they  ftill  flat-** 
ten  by  degrees,  the  farther  north  we  advance,  ' 
this  coal,  which  is  called  the  North-green  feam,  is 
confiderably  flatter  than  the  reft,  efpecIalJy  to- 
wards the  north- eaft  end  of  the  coal  field,  which 
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is  about  a jiiile  loi>g  upon  the  bearing  of  the 
coal.  In  the  fouth-weft  end  of  this  field,  the 
North-green  feam  Hands  as  much  on  edge  as  the 
reft  of  the  coals.  Aboijt  the  middle  of  the  field  it 
is  fomewhat  flatter  than  any  of  them,  and  in  the 
north- eaft  en4  it  is  confiderably  flatter,  anft,  of 
confequertce,  the  feam  ftretches  farther  out  to- 
wards the  north-weft.  In  one  place  near  the 
north-eaft  end  of  that  field,  this  coal  firft  falls 
quite  flat,  and  afterwards  falls  quite  over,  fo 
as  to  dip  towards  the  north-weft,  which  is  dia- 
metrically oppofite  to  the  real  true  dip  or  line 
of  declivity,  which  is  towards  the  fouth-eaft ; 
and  the  North-green  feam  continues  in  this  north- 
weft  declivity  a confiderable  way  over  the  ordi- 
nary line  of  the  crop  of  this  coal. 

This  tongue  of  the  North-green  feam  is  about 
half  a mile  broad,  but  it  ftretches  away  towards 
the  north-weft  more  than  half  a mile  over  the 
ordinary  line  of  bearing.  The  coal  and  other 
ftrata  in  this  place  fall  over  in  a kind  of  trough, 
fo  that  the  middle  of  the  tongue  is  by  far  the 
deepefl  part  of  it ; and  it  rifes  and  crops  out  upon 
both  fides,  that  is,  towards  the  fouth-weft  and 
towards  the  north-eaft,  fo  that  there  is  a dip 
pr  declivity  from  both  thefe  fides  towards  the 
middle  of  the  trough,  and  the  middle  of  the 
trough  dips  away  towards  the  north-weft. 
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Perhaps  I may  not  be  perfectly  'underftood  in 
pointing  out  thefe  different  dips ; but  as  Gilmerton 
is  near  Edinburgh,  young  gentlemen  can  go  out 
and  invefligate  circumftances  upon  the  fpot, 
which  is  very  'pradicable,  as  a fine  lime-quarry 
lies  below  this  coal,  and  the  quarry  is  wrought 
upon  both  fides  of  the  tongue  ; and  as  the  quarry 
dips  and  rifes  juft  as  the  coal  does,  the  various 
declivities  mentioned  will  be  eafily  traced  out. 

Gilmerton  lime-quarry  is  worked  under  ground 
by  leaving  pillars  to  fupport  the  incumbent  weight 
of  the  rock  above  ; thefe  fubterranean  lime-works 
are  fingular  and  extenfive,  and  their  magnificent 
appearance  ftrikes  the  imagination  with  a pleafmg 
awe  and  aftonifhment. 

Slips  in  edge-feams  throw  them  more  to  one 
fide  than  up  and  down.  There  is  a large  flip 
about  the  middle  of  the  coal-field  at  Gilmerton, 
which  throws  the  coal  upon  the  weft  fide  of  the 
flip,  about  one  hundred  and  fixty  yards  farther 
fouth  than  they  are  upon  the  eaft  fide  of  it.  At 
firft  fight,  this  may  appear  as  a deviation  from 
the  true  line  of  bearing,  but  I reckon  very  little 
upon  fuch  a flip,  becaufe  another  flip  may  throw 
the  coals  as  far  to  the  north  as  this  has  thrown 
them  to  the  fouth. 

Thefe  variations  in  the  lines  of  the  bearing  and 
declivity  of  the  edge-feams  are  fufficient  to  fhew, 
that  there  is  perhaps  no  fuch  thing  as  a long 
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ftretch  of  the  flrata  of  coal  any  way  in  a ftraight 
line,  without  fome  deviations  in  the  lines  of  decli- 
vity and  bearing,  and  yet  thefe  run  in  as  ftraight 
a line  as  any  that  can  be  pointed  out  in  the  coun- 
try ; and,  moreover,  what  I obferved  above,  will 
generally  hold  true  in  all  coals,  viz.  that  the 
greater  the  Hope  or  declivity  of  the  coals  and  coal 
metals,  the  truer  and  more  regular  they  will  be 
found,  both  in  the  line  of  declivity  and  in  the 
line  of  bearing  ; but,  in  general,  fo  much  the 
worfe  for  the  community,  becaufe  the  coals  dip 
down  fo  fuddenly  out  of  our  reach,  that  we  can 
work  but  a fmall  quantity  of  them  in  comparifon 
' of  the  flat  broad  coals,  and  efpecially  in  compari- 
fon of  fuch  flat  coals  as  in  fome  places  wave  and 
wheel  over  a great  extent  of  country. 

There  are  yet  other  deviations  from  the  true 
line  of  the  bearing  of  edge  metals,  and  fuch  aS' 
have  a confiderable  degree  of  Hope,  befides  the 
two  inftances  now  mentioned.  I have  frequently 
feen  them  bend  like  an  elbow,  and  then  run 
in  another  direftion  from  the  former  line  of 
^ bearing.  As  thus,  fuppofmg  the  line  of  bearing 
to  be  fouth-weft  as  you  advance  along  this  line, 
you  come  to  a place  where  the  ftrata  bend  back- 
ward and  turn  away  to  the  weft,  and  fometimes 
towards  the  north-weft.  But  the  ftrata  In  thefe 
deviations  do  not  always  bend  backwards.  They 
fometimes  turn  the  contrary  way,  and  from  a 
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fouth-wefl:  direction  come  to  point  towards  the 
fouth,  and  even  towards  the  Ibuth-eaft.  Thefe 
bendings  in  the  line  of  bearing  of  the  edge  coals 
are  exceedingly  various.  Sometimes  they  only 
bend  a little  either  towards  the  weft  or  towards 
the  fouth,  with  an  angle  fo  obtufe,  that  it  is  fcarce- 
ly  difcernible  at  firft  fight,  and  fometimes  they 
take  a quicker  and  more  fenfible  turn  ; and  again, 
they  are  not  all  alike  in  refpeft  to  the  manner  of 
turning.  In  fome  of  them  the  ftrata  come  about 
with  a gentle,  eafy  bend  or  fweep,  and  in  others 
they  turn  fliorter,  either  with  an  obtufe  or  a right 
angle,  and  after  thefe  turns,  the  ftrata  bear  away 
towards  the  new  point  which  they  have  gained  by 
the  turn  fometimes  to  a confiderable  diftance  ; but 
it  is  not  common  for  them  to  ftretch  very  far 
upon  this  new  tack  before  they  turn  again  and 
come  into  their  former  line.  When  thefe  tra- 
verfes  in  the  line  of  the  bearing  of  the  ftrata  are 
ftiort,  that  is,  when  there  is  but  a fliort  diftance 
between  the  feveral  angles  or  turnings,  it  would 
be  exceeding  difEcult  to  work  a feam  of  coal  in 
fuch  ground. 

I have  feen  upon  the  fea-fhores,  and  in  other 
places  where  the  ftrata  were  laid  bare,  fome  of 
thefe  traverfes  or  angles  fo  near  to  one  another, 
that  it  would  be  impra£licable  to  work  coal  in 
them,  the  ftrata  in  that  cafe  being  too  much  dif- 
torted  and  broken  by  being  fo  often  turned  and 
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twifled  to  and  fro ; but  when  there  is  a confider- 
able  diftance  betweeh  each  turn  or  angle,  the 
jftrata  are  generally  as  perfeft  between  the  turns  as 
in  any  other  place,  and  in  that  cafe  coals  may  be 
wrought  very  well.  The  edge-feams  of  Gilmer- 
ton  and  Loanhead,  See.  have  fome  of  thefe  bend- 
ings in  the  line  of  bearing,  and  that  both  back- 
ward and  forward,  that  is,  in  fome  places  they 
bend  a little  backward,  or  towards  the  weft,  and 
in  other  places  they  bend  a little  forward,  fo  as 
to  point  more  towards  the  fouth  than  before ; but 
there  is  no  turn  in  thefe  ftrata  between  Dudding- 
ftone  and  Carlops  fo  confiderable  as  to  come  any 
thing  near  a right  angle. 

A great  deal  may  be  faid  hereafter  for  the  in- 
formation of  the  public  about  the  inferior  and 
the  fuperior,  or  the  nether  and  upper  ftrata  of 
coal. 

It  may  perhaps  in  time  be  found,  that  the  in- 
ferior coals  have  a greater  degree  of  Hope,  and 
are  more  regular  in  the  line  of  bearing  than  the 
fuperior  coals ; and,  on  the  contrary,  that  the 
fuperior  ftrata  of  coals  are  generally  more  flat  and 
horizontal  than  the  inferior  j and  that  they  more  - 
frequently  wave  up  and  down,  and  float  near  the 
furface  over  the  face  of  the  coal  countries. 

But  as  this  part  of  the  natural  hiftory  of  the 
ftrata  of  coal  leads  into  abftrufe  difquifitions,  and 
as  the  thought  is  but  new  to  me,  having  had  as 
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yet  neither  time  nor  opportunities  of  inveftigating 
circumftances  with  a view  to  afeertain  the  faft,'  I 
muft  at  prefent  drop  the  point,  and  leave  it  tp  be 
examined  by  others. 

All  that  I can  fay  to  it  juft  now  is^  that  there 
are  claftes  or  arrangements  of  edge  coals,  with 
their  concomitant  ftrata,  at  Gilmerton,  &c.  to  the 
fouth  of  Edinburgh,  and  there  are  a number 
of  flat  /earns  of  coal,  with  their  concomitant 
ftrata,  lying  to  the  fouth  of  the  edge-feams,  and 
running  parallel  to  them  all  the  way.  from  the  fea- 
fhore  near  Muflelburgh,  as  far  up  the  country  as 
the  edge-feams  ftretch  in  the  line  of  bearing, 
which  is,  as  I hinted  before,  about  fixteen  miles. 

I have  in  feveral  places  feen  the  point  of  con- 
. tael,  or  rather  the  line  of  contact,  where  the 
fouth  fide  of  the  edge  metals  join  to  the  north 
fide  of  the  flat  metals  or  ftrata ; and,  in  other 
places,  where  I have  feen  them  join,  both  the 
edge  and  the  flat  ftrata  appear  in  full  perfection  ; 
that  is,  they  are  both  of  them  firm  and  good, 
without  any  confufion  or  diforder,  and  the  flat 
metals  are  immediately  flat,  and  the  edge  metals 
are  immediately  on  edge,  where  they  come  in  con- 
:®ta6t  with  one  another.  It  is  generally  fuppofed 
j|fby  thofe  w'ho  underftand  thefe  matters  in  the  Lo- 
f thians,  that  the  edge-feams  do  ftretch  w'ay  under 
jthe  flat  coals,  and  alfo  under  the  valley  at  Dal- 
■ » keith,  and  that  they  rife  up  again  about  five  or  fix 
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miles  to  the  fouth-eafl  of  Gilmerton,  kc.  where 
they  begin  to  dip  down  precipitately  towards  the 
fouth-eaft. 

It  mull  be  confelfed  that  this  hypothefis  is  very 
plaufible,  but  to  me  it  is  very  doubtful,  and, 
therefore,  I will  leave  it  as  a doubt,  although  I 
have  very  good  reafons  to  fufped  that  the  edge 
feams  do  not  rife  again  from  under  the  flat 
coal  towards  the  fouth-eaft.  I have  been  hither- 
to very  careful  not  to  admit  or  introduce  any 
thing  into  the  natural  hiftory  of  the  coal,  but 
what  I was  certain  of  being  truth  from  my  own 
obfervation  and  experience,  and  I am  refolved  to 
keep  ftriflly  by  the  fame  rule  for  the  future. — 
Whatever  faults,  whatever  imperfections  may  be 
found  in  thefe  papers,  and  perhaps  there  will 
be  plenty  of  both,  yet  I am  refolved  that  there 
fhall  be  none  in  point  of  truth.  I will  not  in- 
troduce hypothetical  conjedtures  as  matters  of 
fa6t. 

The  next  queftion  relating  to  the  hiftory  of 
coal,  which  falls  naturally  to  be  examined,  is 
the  extent  of  coal  fields  or  coal  countries. 

Many  are  of  opinion  that  the  ftrata  of  coal  keep 
their  courfe  in  general  in  the  line  of  bearing  quite 
through  the  ifland,  and  perhaps  round  the  globe. 

1 have  heard  coal-mafters  of  great  knowledge, 
and  who  were,  moreover,  men  of  found  judg- 
ment, 
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mentj  affert,  that  the  coals  and  coal  metals  ftretch 
away  in  under  the  mountains,  and  emerge  again 
upon  the  other  fide,  and  keep  their  courfe,  or 
trend  in  general  to  a certain  point ; and  this  was 
once  my  own  opinion, — but  it  was  my  opi- 
nion when  I had  not  fo  much  knowledge  and 
experience  as  I have  now  acquired  ; for  I am 
now  fully  perfuaded  of  the  contrary,  and  my  per- 
fuafion  is  founded  upon  the  cleareft  convidion — 
from  a full  demonflration  of  the  truth  ; and  this 
convidion  I obtained  by  many  obfervations^ — by 
frequently  examining  the  fame  clafs  of  circuin- 
ftances  in  many  and  in  dillant  places,  all  of 
which  agree  and  amount  to  a full  proof  in  point. 

In  refutation  of^an  opinion  fo  generally  receiv- 
ed, I reckon  that  nothing  ihort  of  a clear  de- 
monftration  of  matter  of  fad  is  fufficient,  as  one 
man’s  opinion  is  as  good  as  another’s  ; and  there- 
fore, in  order  to  decide  this  point,  I will  recapitu- 
late and  examine  fome  of  thofe  circumftances. 

I obferved  above,  that  I was  formerly  of  opi- 
nion that  the  coals,  and  their  concomitant  flrata, 
did  pufh  their  way  under  the  mountains,  and 
emerged  again  upon  the  other  fide.  But  as  I 
have  been  long  and  much  in  the  pradice  of 
viewing  and  examining  all  circumftances  in  my 
power,  relating  to  the  flrata  which  form  the  fu- 
perficies  of  our  globe,  I was  refolved  thoroughly 
to  invefligate  this  point.  In  order  to  which,  I 
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carefully  examined  feveral  places  in  diftant  parts 
of  the  country  where  the  coal  metals  end,  and 
thofe  of  the  mountain  rocts  begin,  in  expeftation 
of  feeing  the  coals  and  coal  metals  thrown  down, 
and  the  other  claffes  of  different  ftrata  riding  above 
them ; but  I never  could  obferve  any  fymptoms 
of  this  being  the  cafe  in  any  one  place  I examin- 
^ ed ; on  the  contrary,  I every  where  faw  the 
clearefl:  demonftration  of  the  coal  and  coal  me- 
tals being  upmoft,  and  of  the  other  different  ftrata 
pufhing  in  below  tliem.  I have  in  feveral  places 
.feen  .the  coal  metals,  where  they  approached  the 
fide  of  a hill,  or  any  other  place  w'here  different 
foreign  ftrata  commenced,  difcover  great  irregu- 
larity; and  when  they  came  in  contaft  with  the 
foreign  ftrata,  the  coals  and  coal  metals  were 
evidently  thrown  up,  and  in  the  higheft  de- 
gree of  confufion  and  imperfection  imaginable, 
fo  that  the  coal  appeared  to  be  no  better  than 
drofs  or  foot,  arid  the  hardeft  ftones  among  the 
concomitant  ftrata  no  better  than  rubbifh  or  fand  ; 
whereas,  on  the  contrary,  the  new  or  foreign 
clafs  of  ftrata  emerged  from  under  this  confufed 
imperfect  mafs  in  full  perfection  of  quality  and  re- 
gularity of  ftrata.  In  fome  places  w'here  the  feams 
of  coal  and  their  concomitant  ftrata  approached 
the  outfkirts  or  extremity  of  the  coal  country,  I 
have  feen  the  coal  feams  firft  begin  to  grow  thin 
and  troubled,  even  at  a confiderable  diftance, 
' and 
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and  then,  as  they  advanced  nearer  the  extremity, 
grow  more  and  more  troubled  and  diftorted,  and 
at  laft,  when  they  arrived  at  the  extremity,  the 
coal  feams  of  feveral  feet  thick  were  fqueezed 
and  dwindled  away  to  hardly  as  many  inches, 
and  the  coals,  with  their  concomitant  ftrata,  for- 
ced round,  quite  out  of  their  natural  courfe,  fo 
as  to  crofs  the  true  line  of  bearing  at  right  angles, 
but  in  the  higheft  confufion  imaginable,  and  en- 
tirely ufelefs ; whereas,  on  the  contrary,  thofe 
different  ftrata,  which  commenced  inftead  of  the 
coal  metals,  were  perfe£fly  regular  and  good,  and 
trending  away  in  the  true  line  of  bearing  to  the 
point  the  coal  metals  trended  to  before  they  were 
thrown  out  of  the  ground,  and  loft  their  courfe. 

Now,  it  is  impoflible  to  have  a clearer  proof  of 
the  extremity  of  the  outbounds  of  a coal  field 
than  what  I have  pointed  out.  I have  feen  this 
change  commence  in  low  fttuations,  at  feveral 
miles  diftance  from  any  mountains  or  hills,  in  the 
true  and  real  line  of  bearing,  both  of  the  coal 
metals  and  of  other  different  ftrata ; and  I have 
feen  ftill  lower  ground  farther  forward  in  the 
fame  line,  after  the  new  ftrata  commenced,  than 
where  the  change  took  place  ; and  in  this  lower 
ground  the  new  range  of  ftrata  appeared  in  a 
great  many  places,  keeping  the  fame  regular 
courfe  or  line  of  bearing  which  the  coals  and  coal 
metals  had  loft. 
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As  local  examples  are  mod  convincing  and 
denionftrative  in  fuch  dilquifitions  as  thefe,  I will 
give  an  eminent  inllance  of  this  not  far  from 
Edinburgh,  which  may  be  examined  by  mineral 
ftudents,  and  when  they  have  thoroughly  invefti- 
gated  it,  they  will  find  it  a clear  and  fatisfadtory 
proof  of  what  I have  advanced  upon  this  point. 

I have  already  mentioned  and  defcribed  the 
edge  coals  to  the  fouth  of  Edinburgh,  and  fhewed, 
, that  the  north-eaft  end  of  this  clafs  of  coals,  with 
their  concomitant  ftrata,  appear  fir  ft  in  our  fight 
upon  the  fea-fhore  at-  Eafter  Duddingftone,  and 
that  they  trend  away  from  thenCe  towards  the 
fouth-weft  by  Gilmerton  and  other  places  for 
about  fixteen  miles,  and  there  is  not  perhaps  one 
quarter  of  a mile  of  the  whole  fixteen  where 
thefe  coals  have  not  .either  been  wTought,  or  elfe 
are  to  be  feen  eroding  the  rivulets  which  run 
down  from  the  Pentland  hills  right  acrofs  the 
fuperficies  of  thefe  ftrata. 

Many  of  thefe  feams  of  coal  are  either  now 
working  or  have  been  wrought  at  Duddingftone, 
Niddry,  the  Bank,  Edmondftone,  Drum,  Gilmer- 
ton, Melvill-Moor,  Loanhead,  Dryden,  Green- 
law, Cooking-Parks,  Pennycuik,  and  Newhal!. 
All  thefe  places  are  fet  down  in  the  order  of  their 
fituation  as  we  advance  from  Duddingftone  to- 
wards the  fouth-weft ; and  Newhall,  which  is  the 
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laft  mentioned,  is  at  lead  fixteen  miles  from 
Duddingftone.  The  lands  of  Newhall  are  about 
two  miles  long  upon  the  line  of  bearing,  that  is, 
from  north- eafl  to  fouth-weft.  The  edge  coals 
are  feen  in  perfedlion  about  the  middle  of  thofe 
lands,  only,  that  the  greateft  number  of  the  feams 
are  thinner  here  than  farther  eaft ; and  at  the 
place  or  manlion-houfe  of  Newhall,  which  is  a 
little  farther  fouth-weft  than  the  middle  of  the 
ground,  fome  of  the  edge  feams  have  been 
wrought,  but  they  were  found  there  much  troub- 
led and  in  conftderable  diforder ; and  lefs  than 
half  a mile  farther  fouth-weft  than  the  place  or 
manfion-houfe  of  Newhall,  thefe  coals  arrive  at 
the  utmoft  boundary  or  extremity  of  the  coal 
field  in  the  line  of  bearing.  The  bridge  of  Car- 
lops  over  the  North  Elk,  is  about  half  a mile 
weftward  from  the  houfe  of  Newhall.  About  5 
hundred  yards,  ora  little  more 'below  this  bridge, 
the  river  begins  to  run  acrofs  the  fuperficies  of 
thefe  coals  and  their  concomitants  in  a diagonal 
diredion.  The  lands  of  Newhall  are  upon  the 
north,  and  the  lands  of  Carlops  upon  the  fouth 
fide  of  the  river  where  it  runs  acrofs  the  coals. — 
The  banks  of  the  river  in  that  place  are  very 
high,  and  the  ftrata  of  coals  and  coal  metals  are 
feen  diftindlly  from  both  fides,  and  likewife  in 
the  bed  of  the  river.  The  north  bank  of  the  river 

upon 
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upoti  the  Newhall  fide  is  much  higher  than  the 
fouth  or  Carlops  fide  ; and  in  this  north  fide  we 
fee  many  of  the  feams  of  coal  and  their  concomi- 
tant flrata,  but  we  fee  them  in  fuch  diforder  and 
confufion  as  is  not  eafy  to  be  defcribed.  , 

In  fome  parts, of  that  north  bank  of  the  river, 
the  ftrongefl  poft-flone  and  the  foft  coal  metals 
are  twilled  and  blended  together  into  a perfedl 
• chaos,  and  in  other  parts  of  the  bank  where  fome- 
thing  like  flrata  is  to  be  feen,  both  the  coals  and 
their  concomitant  flrata  have  been  fo  fqueezed, 
twilled,  and  degenerated  as  to  be  rendered  entire- 
ly ufelefsi  About  eight  or  ten  miles  farther 
north-eafl,  fome  of  thefe  feams  of  coal  are  up  to 
fix,  fevenj  or  eight  feet  thick,  and  one  of  them, 
called  the  great  feam,  is  in  fome  places  about 
fourteen  feet  thick  ; but  where  thefe  capital  feams 
of  fine  coal  crofs  the  Elk  betwixt  Newhall  and 
Carlops j there  is  not  any  of  them  regularly  up  to 
one  foot  thick  ; the  mofl  of  them  are  only  four  or 
five  inches,  and  fome  of  them  much  lefs  i all  thefe 
coal  feams,  with  their  concomitant  flrata,  are 
fqueezed  and  diflorted  into  the  greatefl  confufion. 
and  diforder,  and  they  are  fqueezed  together  into 
much  lefs  room  in  the  line  acrofs  the  flrata,  and^ 
moreover,  they  are  turned  from  the  fouth-wefl  to 
a foutherly  diredion.  About  a quarter  of  a 
mile  farther  fomard,  towards  the  fouth,  they  com- 
plete 
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plete  the  turn  to  a right  angle,  that  is,  the  courfe 
is  changed  from  a fouth-weft  to  a fouth-eaft  line 
of  bearing. 

The  river  Elk  iflues  out  from  among  the  Pent- 
land  hills,  immediately  at  the  bridge  of  Carlops  ; 
and  it  is  remarkable,  that  the  rocky  bafe  of  the 
fouth  fide  of  thofe  hills  comes  down  clofe  to  the 
river  fide,  immediately  below  the  bridge,  and 
-continues  clofe  to  it  for  about  three  hundred 
yards  farther  down ; and  in  that  very  place  the 
fouth-weft  line  of  the  edge  metals,  which  is  the 
triie  line  of  bearing,  glances  in  a flanting  direc- 
tion againft  the  fide  of  the  bafe  of  the  hills.  ' 

Now,  if  the  coals  really  immerged  and  paffed 
away  under  the  mountains,  we  fliould  certainly 
lofe  fight  of  the  edge  feams  in  this  place ; but  the 
fa£l  is,  that  we  do  not  lofe  fight  of  them  : On  the 
contrary,  we  evidently  fee  them  rifing  up  and 
cropping  out,  inftead  of  being  immerfed  under  the 
hills ; and,  moreover,  we  evidently  fee  that  the 
outburfts  or  crops  of  them  are  fqueezed  and  dif- 
torted,  and  thrown  into  endlefs  confufion,  where 
they  come  in  contaft  with  the  bafe  of  the  hills  ; 
.and  we  alfo  fee  the  crops  of  them  turn  away  to- 
wards the  fouth  and  fouth-eaft,  in  a right  angle 
to  the  former  line  of  bearing  j and  all  this  is  as 
evident  as  ocular  demonftration  can  make  it. 

I have  already  obferved,  that  there  are  hori-  ^ 
zontal  coals,  with  their  concomitant  ftrata,  imme- 
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diately  upon  the  fouth  fide  of  the  edge  coals  ; 
and  that  thefe  flat  coals  run  parallel  to  the  edge 
coals  all  the  way  from  the  fhore  of  the  Forth,  as 
far  to  the  fouth-wefl;  as  this  clafs  of  ftrata  are 
found  to  llretch.  Some  of  thefe  flat  coals  are 
found  in  the  lands  of  Carlops  in  their  proper  fitu- 
ation,  parallel  to  the  edge  coals  ; however,  they 
go  no  farther  in  the  line  of  bearing  ; but  thefe, 
as  well  as  the  edge  coals,  are  alfo  found  to  crop 
out  towards  the  fouth-weft,  or  former  line  of  bear- 
ing, and  the  crops  of  them  likewife  turn  away 
gradually  to  the  fouth  ward,  with  a gentle  fweep 
round,  until  they  at  lafl;  gain  a fouth-eaft  direc- 
tion j but  it  is  obfervable,  that  thefe  flat  coals 
are  not  thrown  into  fuch  confufion  and  diforder  » 
at  the  turn  and  extremity  of  the  field  as  the  edge 
coals,  becaufe  they  are  at  fome  diftance  from  the 
root  of  the  Pentland  hills,  which  comes  in  contact 
with  the  edge  metals,  and  dilturbs  and  throws 
them  up,  and  out  of  their  true  courfe,  a little  be- 
fore they  arrive  at  the  extreme  boundary  of  the 
coal  field. 

Now,  the  fa£t  of  the  flat  metals  turning  from 
a fouth-weft;  to  a fouth-eaft  direftion,  is  evident 
to  ocular  demonflration  t\yo  different  ways. 

Firft,  the  crops  of  the  flat  coals,  and  of  the 
lime-flones  which  accompany  them,  are  feen  and 
wrought  in  feveral  places  upon  the  turn,  and  afuef 
^hey  have  gained  a fouth-eaft;  direction ; — and, 
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fecondly.  Other  rocks  of  quite  a different  quality 
are  feen  in  a great  number  of  places  in  lower 
ground  in  the  former  or  fouth-wefl  line  of  bearing, 
viz.  in  the  river  Line,  and  feveral  other  places 
round  the  village  of  Linton,  and  in  a great  num- 
ber of  places,  over  a large  extent  of  country  to 
the  fouth  and  weft  of  Linton. 

I have  traced  the  crops  or  outward  extremity 
of  thefe  coals,  and  their  concomitant  ftrata,  more 
than  fifteen  miles  from  Carlops,  upon  the  fouth- 
eaft  bearing,  and  fee  evidently  that  they  do  not 
immerge  under  cover,  and  ftretch  away  again  any 
where  towards  the  fouth  5 on  the  contrary,  they 
are  feen  to  crop  out  in  the  farm  of  Carlops,  and 
likewife  in  the  lands  of  Magbiehill,  to  the  fouth 
of  Carlops.  They  are  alfo  feen  to  crop  out  upon 
the  fouth  fide  of  the  Wheem,  which  is  ftill  far- 
ther eaft ; and,  afterwards,  they  crop  out  over  a 
great  extent  of  pretty  high  moory  ground,  be- 
twixt the  Wheem  and  the  foot  of  the  Moorfoot 
hills,  to  the  fouth  of  Arnifton,  where  I do  not 
know  the  names  of  particular  places. 

Now,  in  all  this  extent  of  country,  ftrata 
and  rocks,  of  a quite  different  quality  from  the 
coal  metals,  are  every  where  feen  immediately 
upon  the  outfide  of  the  crops,  or  outburft 
of  the  coal  metals ; and,  moreover,  as  a far- 
ther proof  that  they  do  not  any  where  ftretch 
away  towards  the  fouth-weft,  the  river  Line  runs 
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nearly  parallel  to  them,  and  in  much  lower 
ground ; and  this  river  waflies  the  'fuperficies  of 
the  ftrata  all  the  way  from  the  Pentland  hills, 
down  until  it  falls  into  the  Tweed,  and  after- 
v/ards  the  Tweed  waflies  them  clean  to  Peebles  ; 
and  in  all  that  difliance,  which  is  near  twenty 
miles,  nothing  but  ftrata  of  the  mountain  rocks 
appear,  which  are  entirely  of  a different  quality 
from  the  coal  metals  ; and  all  the  rivulets  and 
broken  places  of  the  furface,  all  along  upon  the 
fouth  and  weft  fide  of  the  extremity  of  the  coals, 
difeover  the  fame  fort  of  ftrata  as  are  feen  in  the 
rivers  Line  and  Tweed.  Thus  far  I have  feen 
the  trending  and  outburft  of  the  coal  ftrata  ; and 
thus  far  I can  anfwer  for  the  truth  of  my  obfer- 
vations. 

To  the  fouth  and  fouth-weft  of  Arnifton,  the 
flat  coal  metals  appro'ach  the  north-weft  ftde  of 
the  Lammer  or  Moorfoot  hills,  and  there  they 
turn  firft  to  an  eafterly,  and  then,  by  degrees,  to 
a north^eaft  direction  ; and  they  afterwards  con- 
tinue to  crop  out  to  the  fouth-eaft,  and  to  trend 
towards  the  north-eaft,  until  they  immerge  into 
the  Forth,  to  the  weft  of  North  Berwick.  There 
are  a few  miles  of  this  courfe  from  the  Ikirts  of 
the  Moorfoot  hills,  fouth  of  Arnifton,  to  Black- 
fliiels,  which  I have  not  feen ; but  from  many  cir- 
cumftances'  too  tedious  to  be  explained,  I am 
confident  that  the  flat  coals  crop  out  to  the  fouth- 
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eaft  in  that  fhort  extent,  as  well  as  all  the  re!t  of 
the  extremity  of  this  coal  field  ; all  round  the 
moft  of  which,  I ‘ have  not  only  feen,  but  have 
minutely  examined  all  circumftances  in  it  relat- 
ing to  the  extent,  bearing,  and  declivity  of  the 
ftrata  of  coals  and  coal  metals. 

From  what  I have  advanced  upoil  this  head, 
I think  myfelf  fully  authorized  to  make  the  two 
following  inferences  or  conclufions,  which  are 
naturally  fuggefted  as  the  refult  of  thefe  refearches 
and  obfervations,  viz.  Firft,  it  evidently  appears, 
even  to  ocular  demonftration,  that  the  coals  and 
coal  metals  do  not  immerge  under  the  high  moun- 
tains, ftretch  away  through  beneath  them,  and 
rife  again  upon  the  other  fide  of  them  ; — and,  fe- 
condly,  it  alfo  appears  evident  to  ocular  demonftra- 
tion,that  coal  fieldsor  coal  countries  are  butpatches 
of  limited,  though  different  dimenfions ; fo  that 
the  extent  every  way  of  the  coals,  and  their  con- 
comitant ftrata,  wherever  found,  may  very  aptly 
be  called  the  coal  field,  as  different  fields  of  com 
or  grafs  are  of  different  dim.enfions,  but  ftill  they 
all  have  their  limits. 

The  Mid-Lothian  coal  field  is  nearly  a fquare 
of  about  fifteen  miles  over  every  way,  though  it 
is  not  an  exadl:  fquare.  The  frith  of  Forth  is  the 
boundary  of  the  north  end  of  this  fquare.  The 
weft  fide  of  it  trends  away  from  the  fhore  of  the 
Forth  near  Duddingftone,  towards  the  fouth- 

weft, 


( 142  ) 


weft,  in  a line  almoft  parallel  with  the  Pentland 

hills  ; but  this  line,  by  flow  degrees,  approaches 

( 

nearer  to  the  fouth-eaft  fide  of  thofe  hills  as  it 
advances  weftward,  until  at  laft  it  comes  in  con- 
tafl;  with  the  bafe  of  the  hill  at  the  bridge  of 
Carl  ops  ; and  this  line,  from  the  fea-fliore  to  the 
bridge  of  Carlops,  is  about  fixteen  miles  long, 
and  there  that  line  and  that  fide  of  the  coal  field 
ends. 

From  Carlops,  the  coals  and  the  coal  metals 
trend  away  in  a fouth-eaft  diretftion  to  the  Ikirts 
of  the  Moorfoot  hills,  pretty  nearly,  though  per- 
haps not  exadly  in  a ftraight  line  ; and  I fuppofe 
that  the  diftance  betwixt  Carlops  and  the  Moorfoot 
hills  in  that  line,  will  be  about  fifteen  or  fixteen 
miles. 

From  the  point  where  the  coal  metals  approach 
thofe  hills,  they  trend  away  in  a north-eaft  direc- 
tion, parallel  to  the  line  from  Duddingftone  to 
Carlops ; and  this  north-eaft  line  continues  until 
the  coals  and  coal  metals  immerge  into  the  Forth, 
a few  miles  W'eft  of  North  Berwick.  I do  not 
exaftly  know  the  length  of  this  fouth-eaft  fide  of 
the  coal  field,  but  I evidently  fee  that  it  is  fome- 
what  longer  than  the  north-weft  fide,  which  runs 
parallel  to  it. 

The  public  road  to  England  from  Edinburgh 
by  Dalkeith  and  Blackfliiels,  runs  almoft  in  a 
right  angle  acrofs  this  coal  field.  I think  it  is  fif- 
teen 
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teen  miles  from  Edinburgh  to  Blackfliiells.  The 
coal  field  commences  upon  that  road  about  two 
miles  fouth  of  Edinburgh,  and  it  ends  near  Black- 
fhiels.  Coals  have  been  wrought  near  that  place 
upon  the  north  fide,  and  I have  evidently  feen  the 
mountain  rocks  a little  way  fouth  of  Blackfhiels  ; 
and,  therefore,  the  fouthern  extremity  is  there- 
abouts, fo  that  the  line  acrofs  the  coal  field  upon 
this  road  is  about  thirteen  miles  long.  The  line 
acrofs  it,  upon  the  road  from  Leith  to  Hadding- 
ton, is  likewife  about  thirteen  miles,  and  a line 
drawn  acrofs  this  coal  field  farther  weft,  would 
come  to  be  much  about  the  fame  length,  which 
Ihews,  that  this  coal  field  is  about  fixteen  or 
eighteen  miles  long  upon  the  line  of  bearing,  and 
about  twelve  or  thirteen  miles  broad  in  a line  at 
right  angles  acrofs  the  bearing  of  the  ftrata ; but 
it  fhould  be  remarked,  that  we  cannot  determine 
the  real  length  6f  this  coal  field  upon  the  line  of 
bearing,  becaufe  the  north-eaft  ends  of  the  coals 
immerge  into  the  fouth  fide  of  the  frith  of  Forth. 

I have  perhaps  been  a little  tedious  upon  this 
head  ; but  it  is  once  for  all.  I know  the  extreme 
boundaries  of  other  coal  fields  with  as  much  cer- 
tainty as  this,  but  I will  not  meddle  with  them 
in  the  prefent  inveftigation ; becaufe,  I think  it 
would  only  be  travelling  the  fame  ground  over 
again  to  no  purpofe,  all  the  material  circum-  • 
fiances  being  fimilar. 
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The  one  I have  pointed  out  is  near  Edin- 
burgh, and,  therefore,  the  truth  of  every  circum- 
ftance  may,  in  future,  be  thoroughly  inveftigated 
by  young  gentlemen  who  engage  in  thefe  ftudies. 
And,  moreover,  the  refult  of  my  enquiries  about 
the  Lothian  coal  fields  eftablifhes  two  important 
points  in  the  natural  hifiory  of  coal,  viz.  Firft, 
that  every  coal  field  is  of  limited  extent  and 
dimenfions,  and  that  the  coals  crop  out  to  the 
furface  of  the  ground,  or  at  lead  to  the  fuperfi- 
cies  of  the  flrata,  everywhere  quite  round  the 
coal  field  ; and,  therefore,  fecondly,  the  coals  do 
not  ftretch  away  under  our  high  mountains,  and 
emerge  again  upon  the  other  fide  of  them.  The 
real  extent  of  all  other  coal  fields  in  the  ifland 
may  be  traced  out  and  determined  as  well  as  this 
of  Mid-Lothian. 

From  Eafter  Duddingftone  to  Carlops,  the 
crop,  or  outburft  of  the  coals,  trqnds  towards  the 
fouth-weft  ; but  from  Carlops  to  the  foot  of  the 
Moorfoot  hills,  the  outburft,  or  crop  of  the  coal, 
trends  towards  the  fouth-eaft,  at  right  angles  to 
their  former  courfe.  However,  in  this  fouth-eaft 
line,  from  Carlops  to  the  Moorfoot  hills,  other  ftra- 
ta,  of  quite  different  quality  from  the  coal  metals, 
emerge  from  under  the  outburft,  or  crop  of  the 
coals  and  coal  metals,  and  trend  away  towards  the 
fouth-weft,  in  the  exa<ft  line  of  bearing  which  the 
coals  loft  at  Carlops,  which  is  the  true  line  to 
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which  the  ftrata  trend  In  general  through  this 
Ifland  ; and  it  is  to  be  obferved,  that  the  ftrata  of 
the  mountain  rocks  are  found  immediately  in  full 
perfeftion  of  quality  and  regularity  of  ftrata  when 
they  firft  appear  from  beneath,  and  Immediately 
to  the  weftward  of  the  coal  metals,  and  the  line 
of  bearing  of  thofe  foreign  ftrata  is  immediately  ‘ 
perfefl  fo  foon  as  they  are  feen  ; from  which  cir- 
cumftahce,  in  conjundion  with  many  others,  it 
evidently  appears  to  me,  that  the  coals  and  coal 
metals  were  among  the  laft  formed  of  the  ftrata 
which  compofe  the  fuperficies  of  our  globe,  at 
leaft  in  this  part  of  the  world  ; but  I will  not  en- 
ter upon  fuch  abftrufe  difqulfitions  here.  It  is 
my  intention  to  keep  as  clofe  as  I can  to  the 
inftructive  parts  of  the  natural  hiftory  of  the  coals 
and  the  coal  metals. 

I imagine  that  1 have  already  been  abundantly 
particular  and  explicit  in  proving  that  the  coals 
and  coal ' metals  do  not  pufti  their  way  through 
beneath  the  mountains,  and  emerge  again  upon 
the  other  fide  of  them  ; and  in  proving  that  the 
coal  fields  are  but  limited  patches,  the  extent  and 
boundaries  of  which  may  generally  be  traced  out 
and  afcertalned,  an  inftance  of  which  1 have  given 
in  the  coal  field  of  Mid-Lothian. 

As  all  I have  yet  produced  upon  that  head  is 
of  the  nature  of  dired  and  pofitive  proof,  I will 
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noy/  beg  leg-ve  farther  to  point  out  a few  other 
circumftances  which  immediately  relate  to  the 
fubjeft,  and  may  be  confidered  in  the  .light  of  col- 
lateral proofs  of  the  double  point  under  confider- 
ation. 

With  refped  to  the  coals  diving  through  be- 
neath the  mountains,  and  emerging  again  upon 
the  other  fide,  it  is  perhaps  very  rare,  if  ever, 
we  find  them  upon  the  other  fide  of  a mountain, 
compofed  of  ftrata  altogether  different  from  the 
coal  metals,  in  the  true  line  of  bearing ; and  if 
fuch  a thing  fhould  happen,  there  is  yet,  befides 
all  that  has  been  faid  upon  this  head,  another 
fubflantial  objedion  to  their  being  the  fame 
coals  and  coal  metals.  I never  yet  faw,  and  I 
^m  perfuaded  that  no  other  perfon  has  yet  feen, 
the  fame  clafs  of  coals  and  coal  metals  in  any  two 
fields,  fo  diflant  from  one  another  as  upon  the  op- 
pofite  fides  of  great  ranges  of  mountains.  Such 
claffes  of  coal  feams,  and  their  concomitant  ftrata, 
would  be  perfedly  well  known  again  by  men  of 
Ikill  and  experience,  by  their  number,  quality, 
thicknefs,  pofition,  or  ftations  one  above  another, 
and  by  many  other  charafters.  In  ftiort,  they 
would  be  as  well  known  by  an  obferving  coal- 
mafter,  as  a family  of  children  and  domeftics  would 
be  known  by  the  mafter  of  the  houfe,  if  he  acci- 
dentally faw  them  arranged  at  dinner  in  fome  dif- 
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tant  part  from  home  ; but  the  truth  is,  that  we 
never  fee  the  very  fame  coals,  &c.  in  any  two 
very  diftant  coal  fields,  ihuch  lefs  upon  the  oppo- 
fire  fides  of  ranges  of  mountains. 

But,  in  order  to  throw  all  the  light  I can  upon 
this  fubjedt,  and  to  place  it  in  as  clear  a point  of 
view  as  poffible,  it  may  be  proper  for  me  to  dif- 
tinguifh  the  difference  between  a real  range  of 
mountains  properly  fo  called,  through  or  under 
which  the  coals  do  not  pafs,  and  fuch  lelTer  hills 
as  are  frequently  found  difperfed  here  and  there, 
within  the  limits  of  the  coal  field  or  coal  country; 

A range  of  mountains,  properly  fo  called,  are 
generally  compofed  altogether  of  various  moun-' 
tain  rocks,  that  is,  of  fuch  different  rocks  and 
ftrata  as  feldom  or  never  accompany  coal,  and 
among  which  no  feams  of  coal  are  ever  found ; 
thefe  mountains  are  generally  of  greater  dimen- 
fions  in  height,  breadth,  and  length  than  fuch 
leffer  hills  as  are  fometimes  difperfed  through  the 
coal  country.  What  I call  the  lefler  hillsj  which 
are  often  found  dropt  here  and  there  within  the 
limits  of  a coal  field  or  coal  country,  are  general- 
ly compofed  of  fuch  rocks  and  flrata  as  very  fre- 
quently accompany  coal  j and  fometimes  the  coal 
feams  flretch  away  in  the  line . of  bearing  quite 
through  thefe  hills. 

Such  gentlemen,  and  even  fuch  phllofophers 
and  naturalifts  as  are  not  proficients  in  this 
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feience,  may  be  led  to  imagine,  from  the  rugged 
craggy  appearance  of  foine  of  thefe  lelfer  hills, 
that  they  are  compofed  of  materials  altogether 
foreign  from  coal  j and  as  coal  is  frequently  found 
upon  both  fides  of  fuch  hills,  they  perhaps  may 
be  led  to  conclude,  that  the  coals  and  their  con- 
comitants dive  down  and  Ihoot  away  under  the 
hills,  and  emerge  again  upon  the  other  fide ; but 
this  is  one  of  thofe  hafty  conclufions,  when  too 
much  is  taken  for  granted,  before  all  circum- 
llances  have  been  inveftigated,  which  are  but 
too  numerous  in  matters  relating  to  the  mi- 
neral kingdom.  If  they  would  take  the  trouble 
thoroughly  to  inveftigate  circumftances,  they 
would  generally  find,  that  although  thefe  hills 
:(hould  in  fome  places  exhibit  externally  a rugged 
and  formidable  appearance,  they  are  neverthe- 
lefs  compofed  of  fuch  rocks  and  flrata  as  are 
frequently  found  to  accompany  coal.  Such,  for 
inftance,  are  many  thick  beds  or  ftrata  of  bafaltes, 
commonly  called  whin  rocks,  which  are  frequent- 
ly found  in  the  coal  fields  of  the  Lothians,  Fife, 
and  other  parts  of  Scotland.  Now,  thefe  ftrong 
beds  of  rock  are  not  only  found  in  the  coal  coun- 
tries, or  in  the  neighbourhood  of  coal  fields  ; they 
are  alfo  frequently  found  both  above  and  below 
feams  of  coal,  and  coal  pits  are  frequently  obliged 

to 


( H9  ) 

to  be  funk  through  them,  as  at  Borrowftounnefs) 
Bathgate,  &c. 

It  is  remarkable  of  the  bafaltes,  as  well  as  of 
fome  other  very  hard  and  ftrong  rocks,  that 
although  they  are  found  difpofed  in  beds  or 
ftrata,  with  other  regular  ftrata  above  and  below 
them,  yet  the  bafaltes  are  often  found  very  thick 
and  very  irregular  in  the  thicknefs  of  each  ftra- 
tum.  In  one  place,  a ftratum  of  this  rock  lhall 
not  be  above  two'  or  three  fathoms  thick^  and  far- 
ther forward  upon  the  line  of  bearing,  it  lhall  be 
found  two  or  three  times,  perhaps  in  fome  places 
more  than  fix  times  as  thick.  The  bafaltes  fre- 
quently fwell  greatly  in  thicknefs,  and  rife  up 
from  a plain  to  a confiderable  mountain,  as  the 
beds  of  it  advance  in  the  true  line  of  bearing.—— 
The  fame  phenomenon  frequently  happens  to 
ftrong  beds  of  the  mountain  lime-ftone.  I have 
in  many  places  feen  the  lime  rocks  fwell  out,  and, 
dwindle  again  from  two  or  three  fathoms  to  more 
than  a hundred  fathoms  thick. 

An  inftance  of  coal  feams,  and  their  concomi- 
tants, ftretching  through  fome  rocky  rugged  hills, 
may  be  feen  in  the  Bathgate  hills,  in  Weft  Lo- 
thian. Thefe  hifts  in  fome  places  are  remarka- 
bly craggy  and  rugged,  and  of  confiderable  height 
and  extent  j neverthelefs,  they  are  entirely  com- 
pofed  of  coal  metals,  and  feveral  feams  of  coal 
ftretch  quite  through  the  whole  breadth  of  thofe 
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hills,  from  fide  to  fide  ; and  fome  of  thefe  feams 
have  not  only  been  wrought  upon  both  fides,  but 
they  have  alfo  been  wrought  up  the  fides,  and  in 
feveral  places  upon  the  fummit  of  thofe  hills.— 
There  are  in  the  ftrufture  of  thefe  hills,  befides 
the  feams  of  coal,  ftr^ta  of  free-ftone,  blaes,  and 
other  conftant  attendants  of  coal,  feveral  beds  of 
lime-ftone,  of  the  coal  metal  fpecies;'  and  there  are 
alfo  feveral  ftrong  beds  of  bafaltes,  which  in  fome 
places  rife  up  to  a confiderable  height,  and  give 
feveral  parts  of  thefe  hills  a rough  and  formidable 
appearance,  and  I know  that  feams  of  coal  rife 
up  among  the  highed  craggs  of  thefe  hills. 

, I have  already  pointed  at  the  columnar  bafaltes 
to  be  feen  in  thefe  hills,  and,  therefore,  it  is-  un- 
necelfary  to  fay  any  thing  farther  upon  that  fiib- 
ject  here. 

In  the  inflance  of  the  Bathgate  hillsj  and  of 
many  others  that  might  be  produced,  we  evi- 
dently fee  that  the  coals  do  not  dive  away  under 
the  mountains,  and  emerge  again  upon  the  other 
fide.  If  they  pafs  through  mountains  at  all,  they 
ftretch  up  to  the  fummits  of  them,  along  with 
their  concomitant  flrata, — are  a proportion  of  the 
conflituent  parts  of  the  compofition  or  conflruc- 
ture  of  fuch  mountains,  and  the  fuperficies  or 
crops  of  the  coal  feams  rife  up  to  the  day,  where- 
ever  they  ftretch  into  through  fuch  mountains. 

With 
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With  refpe£t  to  the  fuppofition  of  the  coal 
feams  ftretching  away  in  the  line  of  bearing;  I 
know  not  where  or  how  far,  it  may  be  remarked, 
that  there  are  but  very  few  coals  as  yet  difeovered 
in  Ireland,  although  the  numerous  feams  found  in 
Cumberland  and  thofe  of  Ayrfliire  point  towards 
that  ifland,  as  well  as  thofe  of  Jjancafliire  and 
North  Wales,  and  many  of  them  are  known  to 
immerge  into  the  ocean  upon  the  Britilh  fide,  but 
they  are  not  found  to  emerge  again  upon  the  Irilh 
fide  of  the  water.  If  thefe  Britilh  feams  of  coal 
continued  in  the  line  of  bearing,  as  many  confi- 
dently alfert,  they  fhould  emerge  out  of  the  ocean 
upon  the  other  fide,  and  appear  again  upon  the 
Irifh  fhores,  there  being  neither  mountains  nor 
hills  by  the  way  in  the  line  of  bearing  to  conceal 
them  from  difeovery,  I have  not  heard  of  any 
coals  being  found  in  the  Ille  of  Man,  which  is 
much  nearer  than  Ireland.  But  I need  not  infift 
upon  this  topic.  The  matter  of  fa£l  is  abundant-’ 
ly  evident,  even  to  ocular  demonftration ; and 
whoever  examines  circumftances  in  all  parts  of 
the  countries  he  is  beff  acquainted  with,  will  fee 
abundance  of  inftances  in  proof  of  what  I have 
advanced  upon  the  fubjefl. 

This  hiftory  of  the  ftrata  of  coal  has  been  te- 
dious, but  I think  it  may  be  fingularly  ufeful. 
^he  knowledge  of  truth  in  all  cafes  mull  be  ufe- 
ful. 
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ful,  and  efpecially  when  it  is  likewife  the  know- 
" ledge  of  nature. 

From  the  tenor  of  the  above  dilfertation  upon 
the  difpofition,  ftretch,  and  bearing  of  the  ftrata 
of  coal  through  a country,  there  is  one  very  im- 
portant lelTon  that  may  be  treafured  up  by  every 
perfon  concerned,  who- is  at  pains  to  examine 
and  inveftigate  the  fubjeft,  namely,  that  ic  is  not 
prudent,  that  it  is  often  dangerous,  to  lay  out 
large  fums  of  money  in  trials  for  coal  at  any  con- 
hderable  d i fiance  _ from  the  place  where  the  coal 
is  feen  and  known,  upon  the  faith  of  the  ftrata 
continuing  the  fame  ftretch  and  line  of  bearing 
invariably  ; and  that  before  we  begin  upon  an 
cxpenfive  plan,  we  fhould  procure  a perfefl  hif- 
tory  of  the  concomitant  ftrata  which  are  found 
above  and  below  the  coal ; and  if  we  fail  to  dif- 
cover  and  to  recognize  them  with  fufficient  cer- 
tainty, we  have  good  reafon  to  fufpedt  that  the 
coal  is  thrown  off  its  ordinary  ftretch  and  level, 
or  out  of  its  ordinary  courfe  or  line  of  bearing, 
by  fome  of  the  many  accidents  which  I have  de- 
fcribed  above.  If  they  cannot  find  feveral  of  the 
particular  ftrata  which  accompany  the  coal  in  the 
field  where  it  is  feen  and  wrought,  and  in  the 
fame  order,  one  above  another,  as  in  the  former 
field,  it  is  quite  out  of  nature  to  expe£l  to  find 
the  fame  coal  without  them  ; and  even  though 
they  difcover  ftrata  which  appear  like  them,  it 
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will  not  do,  unlefs  they  be  really  the  very  fame, 
There  is  often  a very  near  refemblance  in  the  ap- 
pearance and  charadters^  of  particular  ftrata  in 
quite  different  fields,  and  fometinies  in  different 
places  of  the  fame  field  ; yet  there  is  always  fuch 
difference  either  in  the  particular  ftratum  itfelf,  or 
in  fome  of  thofe  immediately  above  or  below  it, 
as  will  he  readily  diftinguifhed  by  a .fkilful  eye. 

This  leffon  may  be  of  fmgular  ufe  to  fuch  gen- 
tlemen as 'are  perfuaded  that  there  is  abundance 
of  coal  in  their  eflates,  becaufe  their  lands  are 
fituated  in  the  line  of  bearing  towards  which  the 
coals  trend,  which  are  now  working  at  foine 
diflance,  perhaps  two  or  three  miles  off.  The 
want  of  fufBcient  knowledge  in  thefe  cafes,  fre- 
quently occafions  many  blunders,  much  needlefs 
expence,  and  fubfequent  vexation,  when  their  fan- 
guine,  but  ill-grounded  hopes  are  fruftrated. — 
They  fhould  either  fee  the  coal  itfelf,  or  feveral 
of  the  known  concomitant  flrata,  before  they 
make  themfelves  fure  of  a coal  w^hich  is  wrought 
in  their  nelghbourhoo'd  at  a confiderable  diflance, 
and  where  no  coal  is  near  to  juflify  a prefump- 
tion  of  its  being  in  the  place  defired;  they  fhould 
either  fee  the  outburfl  or  crop  of  fome  coal,  or 
at  leafl,  they  fhould  fee  feveral  of  the  known  con- 
comitants of  a particular  diflant  coal,  which  points 
that  way,  before  they  proceed  to  expenfive  trials, 
or  indeed  to  any  trials  at  all. 
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Several  coal-mafters  and  other  gentlemen  who 
have  paid  fome  attention  to  this  branch  of  natural 
hiftory,  are  of  opinion,  not  only  that  the  coals 
llretch  away  under  the  mountains,  and  emerge 
again  upon  the  other  fide,  but  alfo,  that  the  feams 
of  coal  dive  down  to  the  center  of  the  earth.— 
They  fee  that  all  feams  of  coal  have  certain  de- 
grees of  declivity,  excepting  only  that  in  fome 
places  the  coals  and  their  concomitant  ftrata  ac- 
quire a temporary  flatnefs,  or  wave  up  and  down 
with  different  dips  for  a fliort  fpace ; but  they 
know  very  well  at  the  fame  time,  that  thefe  va- 
riations in  the  pofition  of  the  ftrata  are  only 
fleeting  changeable  incidents,  and  that  in  general 
they  all  decline  lefs  or  more  towards  one  parti- 
cular point ; and,  therefore,  from  this  true  obfer- 
vation,  they  conclude,  that  all  coals  dip  down  to 
the  center  of  the  earth  : But  although  I acknow- 
ledge the  juftice  of  the  obfervation,  that  the  ftrata 
in  general  decline  lefs  or  more  in  all  coal  fields 
towards  fome  particular  pomt,  yet  I cannot  join 
with  them  in  the  inference.  I am  rather  of  the 
contrary  opinion.  I imagine  that  the  coals  and 
coal  metals  do  not  dive  down  to  any  very  great 
depth  j and  I find  myfelf  obliged  in  this  place  to 
lay  more  ftrefs  upon  my  opinion  than  in  any  other 
part  of  this  hiftory,  as  I find  it  difficult  to  clear 
up  the  point  to  the  convidtion  of  every  enquirer, 
by  adducing  obvious  and  fatisfaftory  examples. 

However, 
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However,  I fiiall  offer  a few  obfervations  in  fup- 
port  of  my  opinion,  after  premifing,  that  with 
rcfpeft  to  the  center  of  the  earth,  two  or  three 
hundred  - fathoms,  or  two  or  three  thoufand  fa- 
thoms, are  neither  of  them  a great  depth,  in  com- 
parifon  of  the  femi-diameter  of  the  globe.  It  is 
but  very  rare  that  we  fink  two  hundred  fathoms 
perpendicular  into  the  furface  of  the  earth,  and 
two  hundred  fathoms,  comparatively  fpeaking,  is 
but  a fuperficial  fcratch,  and,  therefore,. we  are 
not  enabled  to  form  any  judgment  of  this  matter 
from  the  obfervations  we  can  make  below  ground; 
and,  as  the  queftion  is  merely  curious,  I fhall  not 
be  very  anxious  to  defend  my  opinion  by  the  ob- 
fervations which  I have  made  above  ground. 

I obferved  before,  when  treating  of  the  bearing 
and  declivity  of  the  ftrata  of  coal,  that  fome  coal 
feams  are  known  by  real  experience  to  crop  out 
every  way.  I could  produce  many  inftances  in 
point,  but  I incline  to  bring  obfervations  of  this 
nature  as  near  to  Edinburgh  as  poffible,  where  I 
hope  that  this  branch  of  natural  hiflory  will  one 
day  be  publicly  taught. 

It  has  been  remarked  already,  that  the  feams 
of  coal,  and  their  concomitant  ftrata,  in  the  north- 
weft  fide  of  the  Mid  Lothiart  coal  field,  dip  to- 
wards the  fouth  and  fouth-eaft,  and  that  the  coals 
in  the  fouth  and  fouth-eaft  fide  of'  the  fame  field 
dip  to  the  oppofite  fide  of  the  compafs,  viz.  to- 
wards 


\ 
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wards  the  north  and  north-weft.  This  fa^t  is 
commonly  known  upon  the  north  fide  of  this 
coal  field,  and  it  is  obvious  upon  the  fouth  fide 
of  it,  in  the  parifli  of  Temple,  and  oth.er  places 
farther  eaft. 

Now  this  does  not  look  like  the  coals  dipping 
down  to  the  center  of  the  earth.  It  rather  looks 
like  their  declining  a little  way  down  from  the 
furface  of  the  earth  to  a fufficient  depth  to  be 
preferved  frefti  and  good,  even  in  full  perfedtion, 
until  the  exigencies  of  fociety  have  occafion  for 
them,  and  that  when  they  have  declined  down  fo 
far,  they  then  become  quite  flat,  and  afterwards 
rife  again  upon  the  oppofite  fide  of  the  coal  field, 
with  an  oppofite  dip  and  rife,  and  fo  form  a great 
trough,  refembling  a valley,  which  is  one  of  the 
beft  fimilitudes  of  the  pofition  of  the  feams  of  coal 
ill  a coal  field  as  can  be  imagined. 

Let  us  fuppofe,  that  the  middle  or  loweft  part 
of  the  valley  refembles  the  deepeft  part  of  the 
trough  of  the  coal.  There  are  in  feme  extenfive' 
valleys  feveral  inequalities  of  furface,  that  is,  little 
pieces  of  rifing  ground,  higher  and  lower  places, 
which  refembles  the  waving  of  the  ftrata  of  coal 
up  and  down,  and  this  way  and  that,  when  they 
turn  flat  or  horizontal ; however,  when  we  have 
quite  crofted  the  valley,  we  always  come  to  a fen- 
fible  and  a decided  rife  or  afcent  of  the  ground, 
which  brings  ns  out  of  the  valley  j and,  from  my 
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own  knowledge  and  obfervation,  I am  clearly 
convinced  that  this  in  general  is  the  true  defcrip- 
tion  of  the  difpofition  of  the  ftrata  in  every  coal 
field,  though  perhaps  it  may  not  every  where  be 
an  eafy  talk  to  inveftigate  all  circumflances,  fo  as 
to  be  enabled  to  prove  the  point  to  ocular  demon- 
flration. 

Many  more  inftances  in  point,  however,  might 
be  produced,  befides  the  Mid  Lothian  coal  field, 
but  I will  only  mention  one,  which  is  likewife 
pretty  near  Edinburgh. 

The  range  of  coals  and  coal  metals  which  are 
found  upon  the  north  fide  of  Dunfermline,  and 
trend  from  thence  by  Halbeath,  Sir  John  Hen- 
derfon’s  colliery,  and  farther  eaft  in  Fife,  decline 
at  Halbeath,  &c.  towards  the  north  or  north- 
weft.  There  are  a very  great  number  of  feams 
in  the  Fife  coal  field,  which  reach  in  length 
from  Stirling  to  St  Andrews,  and  I fuppofe  that 
it  is  in  fome  places  about  ten  miles  in  breadth. 

' There  is  no  better  coal  in  any  part  of  Scotland, 
either  hard  or  foft,  than  in  Fife.  The  fmithy 
coal  of  Balmule  and  Rofebank  is  the  beft  in  Scot- 
land as  yet  difcovered. 

Nowi  all  the  feams  in  the  fouth  fide  of  this 
fine  and  extenfive  field,  dip  with  various  degrees 
of  dope  towards  the  north  or  north-weft ; and, 
as  has  been  obferved  of  the  Mid  Lothian  coal 
field,  they  wave  up  and  down  over  a great  extent 
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of  country,  and  at  laft  they  rife  again  and  crop 
out  upon  the  north  fide  of  this  coal  field.  If  any 
fhould  doubt  the  truth  of  this  alTertion,  let  them 
examine  circumftances  as  I have  done,  and  they 
will  be  thoroughly  convinced.  They  may  have 
an  excellent  opportunity  of  feeing  this  fubjefl 
diftindly,  and  of  clearing  the  point  to  their  full 
fatisfadion  in  the  rivulet  above  the  village  of 
Dollar,  and  immediately  below  the  magnificent 
ruins  of  Caftle  Campbell,  where  they  will  fee  the 
coal  metals  in  the  bed  of  the  mill-lead,  cropping 
out  'to  the  day,  and  dipping  precipitately  towards 
the  fouth,  and  the  flrata  of  the  mountain  rock 
commencing  and  appearing  immediately  below  the 
free-ftone  and  other  coal  metals,  and  the  very 
place  where  the  different  ranges  of  the  coal  me- 
tals and  the  mountain  rocks  come  in  contaft,  is 
there  diflindly  feen.  Immediately  above  where 
the  coal  metals  finally  crop  out,  the  rivulet 
emerges  out  of  a deep,  rocky,  and  impaffable 
gulph  below  the  old  Caftle,  which  place  is  every 
way  a curious  romantic  fcene. 

The  refult  of  this  inveftigation  refutes  by  in- 
ference another  erroneous  opinion  concerning 
coal,  which  I have  often  heard  afferted  with  great 
confidence,  viz.  that  coal  is  inexhauftible.  That 
the  fund  of  coal’treafured  up  in  the  fuperficies  of 
the  globe,  for  the  accommodation  of  fociety,  is 

very 
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very  great,  I readily  acknowledge ; but  that  It  is 
inexhauftible,  in  the  proper  fenfe  of  the  word,  I 
deny. 

Some  portions  of  fome  particular  feams  of  coal 
may  be  fituated  fo  deep  below  the  furface  of  the 
ground,  that  it  may  be  impradicable  for  man  to 
work  out  all  the  coal  in  fuch  places,  and  of  con- 
fequence  all  the  coal  in  fuch  particular  fpots 
never  will  be  exhaufted  ; but  fuch  a particular 
circumftance,  and  fuch  a particular  fpot,  does  not 
imply  that  coals  in  general  are  inexhauftible.  I 
very  well  know,  and  when  I come  to  explain  the 
real  origin  of  coal,  I will  make  it  appear,  that 
the  fource  of  coal,  or  the  matter  of  which  it 
was  formed,  though  copious,'  was  limited  in 
quantity,  and,  therefore,  the  quantity  of  coal  is 
alfo  limited,  and  the  real  fource  and  origin  of 
eoal  may  juftly  be  produced  as  a fufficlent  reafon 
why  fo  many  trafts  of  country,  in  many  extenfive 
regions  of  the  world,  are  abfolutely  without  any 
coal  at  all. 

I have  not  the  fmalleft  doubt  that  the  ge- 
nerality of  the  inhabitants  of  Great  Britain  be- 
lieve that  our  coal  mines  are  inexhauftible,  and 
the  general  condufl  of  the  nation,  fo  far  as  relates 
to  this  fubjeft,  feems  to  imply  that  the  inexhaufti- 
bility  of  our  coals  is  univerfally  held  as  an  efta- 
/ ' blifhed 


bliflied  fad.  The  conduct  of  the  public  fays  fo 
in  plain  enough  language.  If  it  was  not  a gene- 
rally received  opinion,  would  the  rage  for  tranf- 
porting  coals  be  allowed  to  go  on  without  limi- 
tation or  remorle  ? But  it  is  full  time  that  the 
public  jWere  undeceived  in  a matter  which  fo 
nearly  concerns  the  welfare  of  this  flourilhing 
ifland. 

If  our  coals  really  are  not  inexhauftible,  the  ra- 
pid  and  lavifli  confumpt  of  them  calls  aloud  for 
the  attention  of  the  Legillature,  becaufe  the  very 
exiflence  of  the  metropolis  depends  upon  the 
continued  abundance  of  this  precious  foflil,  and 
not  only  the  metropolis,  but  alfo  the  exiftence  of 
the  other  cities  and  great  towns,  and  of  the  moft 
fertile  countries  in  the  three  kingdoms,  depend 
upon  the  abundance  of  this  valuable  article  j and, 
moreover,  moft  of  our  valuable  manufadures 
are  in  the  fame  predicament,  and,  therefore,  if 
our  coal  mines  are  not  inexhauftible,  it  is  high 
time  to  look  into  the  real  ftate  of  our  collieries. 

I feel  in  myfelf  a ftrong  reludance  againft 
founding  the  alarm  to  my  country  in  a matter  of 
fo  much  importance.  I am  but  an  obfcure  indi- 
vidual, of  very  little  confequence  in  the  world, 
and  I have  not  the  leaft  doubt  that  I fhall  be  fe- 
verely  cenfured  by  many  for  my  prefumption,  and 
therefore  I proceed  with  fenfible  remorfe  j but  it 
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Is  not  guilty  remorfe ; on  the  contrary,  my  heart 
tells  me,  that  were  I to  temporize  with  my  own 
feelings  of  reludtance,  and  to  conceal  a truth 
which  fo  nearly  concerns  the  welfare  of  the  com- 
munity, for  fear  of  incurring  cenfure,  my  filence 
would  be  unpardonable.  I could  wifh  that  I 
did  not  find  niyfelf  utider  the  necelTity  of  publifli- 
ing  a truth  which  perhaps  may  be  difagreeable 
to  many  individuals  ; that  there  was  the  leafi: 
foundation  for  fuppofing  that  ‘ I am  miflaken ; 
and  that  it  could  be  made  appear  with  any 
fhew  of  truth,  that  our  coal  mines  are  inex- 
hauftible  ; but,  on  the  contrary,  fo  far  are  our 
coal  mines  from  being  inexhauftible,  that  they 
are  in  many  places  already  beginning  to  make  ‘ 
quick  advances  towards  being  exhaufled.  I will 
not  make  ufe  of  much  reafoning  in  fupport  of 
this  afiertion.  A few  inftances  in  point  will  be 
more  convincing  than  a thoufand  arguments, 

Mr  Hume,  in  his  Hiftory  of  England,  and  Mr 
Arnot,  in  his  Hiftory  of  Edinburgh,  place  the  firft 
difcovery  of  coal  in  this  ifland  about  the  middle 
pf  the  thirteenth  century,  and  it  appears  highly 
probable  that  they  are  right ; Mr  Whitaker 
places  it  much  earlier  in  his  Hiftory  of  Manchef- 
ter,  but  his  reafons  or  proofs  are  vague  and  unla- 
tisfadlory  ; and  Indeed  fuch  as  are  to  be  found  in 
the  prefent  or  former  bed  of  every  river,  and  in 
VOL.  I.  X numbers 
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numbers  of  the  gravelly  tumuli  in  all  the  coal 
countries;  and,  therefore,  I lay  afide  his  pretended 
antiquity  of  this  difcovery. 

As  Mr  Arnot  has  been  at  pains  to  trace  out 
this  fubjeft,  and  to  place  it  in  a clear  point  of 
view,  I will  beg  leave  to  quote  a paffage  from  his 
. Hiftory  of  Edinburgh,  concerning  the  firft  difco- 
very and  ufe  of  coal  in  Britain,  before  I proceed 
to  give  any  hints  of  my  own  about  the  prefent 
flate  of  our  collieries." 

i 

“ As  the  ufe  of  coal  claims  our.  attention, 
‘ both  by  reafon  of  its  being  the  mofb  valuable 
‘ fpecies  of  fewel  hitherto  difcovered,  and  alfq 
‘ an  article  of  extenfive  and  advantageous  com- 
‘ merce,  we  hope  a fhort  digreffion  concerning 
its  intrdduftion  will  not  be  confidered  as  im- 
‘ pertinent.  We  enter  upon  it  the  more  willingly, 

‘ becaufe  we  are  fully  perfuaded  that  the  ufe  of, 
‘ coal  was  firfl  known  in  the  period  we  have  de.. 
‘ fciibed,  and  that  the  date  of  its  origin -may  be 
‘ brought  within  a very  narrow  compafs.’* — 
“ Neceffity  is  faid,  not  unaptly,  to  be  the  mother 
‘ of  invention.  Had  our  remote  anceftors  known 
‘ that  a valuable  inflammable  fubftance  was  lod- 
‘ ged  under  ground,  the  abundance  of  fewel 
' which  wood  and  turf  afforded,  would  naturally 
‘ prevent  them  from  digging  into  the  bowels  of 
‘ the  earth  for  that  which  its  furface  fo  amply 
^ fupplied  them. 

. • “ Even 
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‘‘  Even  when  wood  became  very  fcarce  at  the 
^ diftance  of  feveral  centuries  after  the  dlfcovery 
‘ of  coal,  the  manner  * * * § of  working  it  was  ex- 
‘ tremely  rude,  the  progrefs  and  extent  of  the  ufe 
‘ of  it  flow  and  limited.  The  ftatutes  enaded  by 
‘ the  Scottifli  Parliament,  and  the  patents  granted 
‘ by  the  Kings,  difplay  their  ignorance  in  work- 
‘ ing  coal,  fet  forth  ftrongly  its  decay,  and  guard 
anxioufly  its  prefervation.  In  the  beginning  of 
‘ the'  fixteenth  century,  coal  fmoke  f was  deemed 
‘ very  pernicious,'  and  even  in  the  end  of  it, 
‘ the  ufe  of  coal  in  making  >1  of  iron  was 
‘ hardly  known  in  Scotland.  If  the  progrefs  in 
‘ working  of  coal  was  flow,  its  firft  difcovery  was 
‘ not  very  remote.  Coal  certainly  was  not  dif- 
‘ covered  in  the  middle  of  the  twelfth  j and  it  was 
‘ as  certainly  known  in  the  beginning  of  the 
‘ thirteenth  century.  In  the  L^ges  Burgorum^ 
‘ which  were  enadted  § about  A.  Ef.  1140,  a par- 
‘ ticular  privilege  is  granted  to  thofe  who  bring 
‘ fewel  into  boroughs.  Wood,  turf,  and  peats 
‘ are  particularly  mentioned,  but  with  refpedt  to 
‘ coal  there  is  a dead  filence.  But,  in  the  year 

‘ 1234, 
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• * 1 234,  Henry  III.  of  England  * renews  a charter 
‘ which  his  father  had  given  to  the  inhabitants  of 
‘ Newcaftle,  and  in  this  ' renovated  charter,  he 
‘ grantSy-upon  their  fupplication  to  the  perfons  in 
‘ whole  favonr  the  charter  was  conceived,  licence 
‘ to  dig  coals  upon  payment  of  L.  100  a-year, 
‘ which  is  the  earlieft  mention  of  coal  in  the 
‘ ifland.  By  the  end  of  the  thirteenth  century, 
‘ the  ufe  of  coal  was  fo  much  advanced,  that  it 
‘ was  frequently  brought  by  fea  carriage  -J-  from 
‘ one  port  to  another.  But'the  firft  mention  that 
‘ is  made  of  coal  in  any  charter  in  Scotland  is  in 
‘ a grant  executed  A.  D.  1291,  in  favour  of  the 
‘ Abbot  and  convent  of  Dunfermline  |,  of  the 
‘ privilege  of  digging  coal  in  the  lands  of  Pit- 
‘ tencrieff,  in  the  county  of  Fife. 

“ jEneas  Sylvius,  who  afterwards  alTumed  the 
‘ Purple  under  the  name  of  Pius  II.  vifited  this 
^ ifland  about  the  middle  of  the  fifteenth  century. 
‘‘  He  relates,  “ That  he  faw  in  Scotland  § the 
“ poor  people,  who  in . rags  begged  at  the 
“ churches,  receive  for  alms  pieces  of  black 
“ ftone  with  which  they  went  away  contented. 

“ This 
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« This  fpecies  of  ftone  (fays  he),  whether  wItH 
fulphur,  or  whatever  inflammable  fubftance  it 
“ may  be  impregnated,  they  burn  in  place  of 
” wood,  of  which  their  country  is  defliitute.” 

“ And  Boetius,  in  his  Defcription  of  Scotland, 

‘ his  native  country,  written  in  the  beginning  of 
‘ the  fixteenth  century,  fays,  “ There  are  black 
“ Hones  alfo  digged  out  of  the  ground,  which 
“ are  very  good  for  firing ; and  fuch  is  their  in-- 
“ tolerable  heat,  that  they  refolve  and  melt  iron, 

“ and  therefore  are  very  profitable  for  fmiths 
“ and  fuch  artificers  as  deal  with  other  metals  * ; 

“ neither  are  they  found  any  where  elfe  (that 
“ I know  of)  but  between  .the  Tay  and  Tyne 
“ within  the  whole  ifland.” 

“ In  China,  it  is  probable  that  coal  was  difco- 
‘ vered  long  before  it  was  known  in  the  weftern 
‘ world. 

“ About  the  middle  of  the  thirteenth  century, 

‘ a noble  Venetian,  in  his  Defcription  of  China, 

‘ obferves,  “ That  through  the  whole  province 
“ of  I Cathay,  certain  black  Hones  are  dug  out 
“ of  the  mountains,  which  being  put  in  the  fire, 

“ burn  like  wood,  and  when  kindled,  they  con- 
tinue  burning  a long  time,  in  fo  much,  that 

“ if  ' 
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if  they  are  lighted  in  the  evening,'  the  fire  will 
“ keep  alive  during  the  whole  night.  Many  ufe 
“ thefe  ftones,  although  they  have  plenty  of  wood, 
“ the  confumption  of  fewel  in  ftoves  being  very 

great/* 

“ It  is  curious  to  obferve  the  fimilarity  with 
' which  Marcus  Paulus,  JEneas  Sylvius,  and 
f Boetius  fpeak  of  the  fame  matter.” 

f « » 

Upon  the  whole,  w;e  have  little  hefitation  in 
fixing  the  dlfcovery  of  coal  to  have  been  made 
between  the  middle  of  the  twelfth  and  begin- 
ning of  the  thirteenth  centuries. 

Although  it  appears  to  be  full  400  years  fince 
coab  was  firfl:  difcovered  in  Britain,  yet  it  is  not 
above  200  years  fince  it  came  into  common  ufe, 
and  It  is  even  lefs  than  200  years  fince  it  came  to 
be  generally  ufed  in  London. 

Upon  the  firfl;  introduftion  of  Coal  into  Lon- 
don for  comrrion  ufes,  one  or  two  fliips  was  fuf- 
ficient  for  the  whole  coal  trade  ^ but  from  fuch  a' 
fmalh  beginning,  they  have  gradually  increafed  in 
number  to  feveral  thoufand  fail  of  {hipping  in  the 
coal  trade,  from  the  ports  of  Shields,  Sunderland  j 
and  Blyth  only,  and  fome  of  them  are  of  vaft 
burdens,  even  up  to  a thoufand  tons  and  more, 
and  many  of  them  make  feveral  voyages  a-year, 
fully  loaded  with  coals. 


Such 
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Such  a prodigious  number  of  fhips  continually 
carrying  coals  from  Newcaflle,  Sunderland,  and 
Blyth,  not  only  to  the  metropolis  and  the  other 
cities  and  towns  of  England,  but  alfo  to  almoft 
all  parts  of  Europe  and  America,  muft  drain 
away  an  immenfe  quantity  of  coal  from  the 
neighbourhood  of  Newcaflle.  Dr  Campbell,  in 
his  Political  Survey,  fays,  that  in  his  time  they 
confumed  600,000  chaldrons  of  coals  a-year  in 
London  alone  ; and,  as  the  bounds  of  the  metro^ 
polls  is  greatly  increafed,  we  rhay  fafely  conclude 
that  the  confumption  of  coals  in  London  is  alfo 
increafed,  at  leaf!  one  third,  if  not  fully  doubled, 
fince  he  wrote  his  Survey  ; and  the  confumpt  of 
London,  though  great,  is  neyerthelefs  but  incon- 
fiderable  in  comparifon  of  what  is  carried  from  < 
Newcaflle  and  its  neighbourhood  round  the 
coafls  of  Britain,  and  to  all  other  parts  of  the 
world. 

The  run  of  coals  from  Newcaflle  and  Sunder- 
land has  been  fo  very  great  for  above  fifty  years 
pafl,  that  we  need  not  be  furprifed  if  w^e  w’ere  to 
find  the  coals  confiderably  wafted  in  the  neighbour- 
hood of  Newcaflle,  fo  as  to  be  in  danger  of  foon 
raifmg  the  price  confiderably  to  the  metropolis, 
&c.  f and  in  fa£l  this  is  the  cafe.  The  coals  near 
the  fea  in  the  neighbourhood  of  Newcaflle  are 
already  wafted  to  a great  extent,  and  to  fuch  a 
^epth,  that  they  cannot  conveniently  and  profita- 
" • ’ ’ bly 


bly  go  much  deeper,  without  encreafing  the  ex- 
pence prodigioufly,  and,  therefore,  we  may  fafely 
conclude,  that  a coiifiderable  rife  in  the  price 
mull  happen  at  no  very  diftant  period. 

The  price  of  coals  is  pretty  high  at  Newcallle 
already,  and  I may  venture  to  alfert,  that  the  price 
there  would  have  been  much  higher,  had  not  the 
coal  trade  from  Scotland  been  a check  upon  them 
for  a confiderable  time  paft,  I believe  I may  fay 
the  moft  of  the  time  fmce  the  Union. 

Some  of  the  coal  pits  of  Newcallle  are’ one 
hundred  and  twenty  fathoms  deep,  and  they  have 
increafed  the  powers  of  the  fire  engine  fo  much, 
that  it  may  be  faid  it  draws  a river  from  that 
vail' depth  ; but  they  cannot  increafe  thefe  powers 
much  farther,  without  a confiderable  increafe  of 
cxpences. 

Thefe  circumllances  clearly  prove,  that  coals 
are  fo  far  walled  near  water  carriage  in  the  neigh- 
bourhood of  Newcallle,  that  they  are  become  al- 
ready very  dilEcult  and  expenfive  to  winn  ; as  a ^ 
proof  of  this,  they  now  work  coals  for  fea  fale 
near  twenty  miles  up  the  country  from  Newcallle, 
which  they  bring  down  to  the  water  upon  wag- 
gon-ways, that  is,  roads  compofed  of  framf^ 
of  'timber,  which  are  made  and  upheld  at  a vail 
expence. 

It  is  not  above  thirty  years  fmce  the  Carron 
Company  founded  their  great  iron  works  in  Scot- 
, land, . 
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land,  and  yet  they  have  already  confumed  an’ 
iinmenfe  quantity  of  coal. 

Several  of  the  coal  feams  at  Borrowftcunnefs 
and  Grange,  in  Scotland,  are  greatly  wafted,  and 
the  works  are  pretty  deep,  and  the  coals  are  worked 
at  confiderable  expence  with  large  fire  engines  in 
feveral  other  places  upon  the  banks  of  the  Forth. 
The  cities  of  Edinburgh  and  Glafgow  depend 
upon  the  fire  engine  for[.their  fupply  of  coals,  and 
yet  they  fliip  away  from  Glafgow  all  the  coals 
they  can  get  any  demand  for,  without  any  appre» 
henfion  of  the  future* 

At  Whitehaven,  whkh  chiefly  fupplies  the  city 
of  I)ublin^  and  many  other  parts  of  Ireland,  witH 
coals,  they  already  work  their  coal  at  the  enor- 
mous depth  of  more  than  a hundred  and  twenty 
fathoms  ; and,  of  confequence,  great  part  of  the 
coal  eafily  come  at  is  exhaufted,  and  what  re- 
mains rriuft  be  worked  at  great  expence. 

I will  only  point  out  another  place  where  the 
coals  are  exhaufting  rapidly,  and  the  fcarcity 
and  dearth  of  them,  I fear,  will  foon  be  felt 
by  maiiy  of  the  commercial  cities  and  indiif- 
trious  inhabitants  of  Britain.  The  ifland  of 
tf^'itain  is  famous  in  the  earlieft  records  of  anti- 
quity for  the  tin  mines  of  Cornwall.  The  tin  and 
copper  rhines  of  Cornwall  are  to  this  hour  of  great 
confequence  to  the  manufactures  and  commerce 
of  Britain  ; but  the  tin  mines  efpecially  have  been 
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worked  fo  long,-  and,  of  confequence,  are  now  fo 
deep,  that  very  little  of  that  valuable  metal  can 
b'e  raifed  there  now  without  the  fire  engine, 
but  alas ! they  have  no  coals  in  Cornwall.  All 
the  coals  neceffary  for  working  the  fire  engine, 
and  for  their  fmelting  furnaces,  are  brought  by 
fea  from  South  Wales.  I do  not  pretend  to  be 
well  informed  either  of  the  extent  of  the  coal 
fields,  or  of  the  proportion  of  the  coal  already 
wafted  in  South  Wales  ; but  from  fuch  informa- 
tion as  I could  get,  it  appears  that  the  coals  there 
are  wafting  rapidly ; and  what  will  become  of  the 
mines  of  Cornwall  when  they  are  exhaufted  ? I 
have  been  informed  that  the  price  of  coals  in 
South  Wales  is  already  fo  high,  that  feveral  Cor- 
nifh  mines  are  now  ftanding  on  that  account, 
becaufe  they  cannot  be  carried  on  with  profit 
while  coal  is  fo  dear  ; and  if  coal  rifes  to  a 
higher  price  in  Wales,  which  very  probably  will 
happen  in  a few  years,  it  will  be  equal  to  a prohi- 
bition from  working  moft  of  the  Cornifh  mines. 
When  this  event  happens^  what  will  become 
of  many  of  ohr  valuable  manufadtures,  upon 
which  much  of  our  lucrative  commerce  depends  ? 

This  is  a mortifying  view  of  the  fubjeft,  but  I 
am  afraid  it  is  too  juft  a reprefentation,  and  yet, 
as  far  as  I know,  this  interefting  fubjedl  has  never 
been  confidered  in  this  light,  nor  has  any  perfon, 
public  or  private,  to  the  beft  of  my  knowledge. 
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ever  taken  the  trouble  to  make  a fair  reprefenta- 
tion  of  this  matter  to  thofe  whofe  bufmefs  it  is  to 
look  into  and  to  remedy  fuch  evils.  There  is  no 
reftraint  upon  the  unnecelTary  ' confumption  of 
thofe  coals,  nor  of  any  other  coals  in  the  ifland, 
however  many  and  important  the  paanufa^tories 
may  be  which  depend  upon  them.' 

The  exportation  of  coal  to  foreign  countries  is 
now  become  a great  trade,  which  has  encreafed 
rapidly  within  a few  years  paft.  No  doubt  this 
trade  is  beneficial  to  fome  individuals,  and  alfo  to 
the  revenue ; at  the  fame  time,  we  fhould  refle£t 
that  this  avidity  for  the  pleafure  of  prefent  profit 
has  a deadly  fling  in  the  tail  of  it.  We  are  now 
eagerly  fupplying  other  nations,  and  frequently 
our  worfl  enemies,  with  thofe  coals  which  the 
metropolis  and  our  manufactories  will  one  day 
(land  in  need  of.  And  even  now,  th'e  exporta- 
tion trade  has  raifed  the  price  of  coals  fo  high 
as  to  be  exceedingly  inconvenient  to  many  of  our 
manufactories,  and  to  many  of  the  induflrious 
poor,  efpecially  in  South  Britain. 

If  this  is  the  cafe  at  fo  early  a period  from  the 
firfl  beginning  of  the  general  ufe  of  coals  in  thi^ 
ifland  ; if  they  are  fo  much  exhaufled,  and  raifed 
to  fo  high  a price,  in  little  more  than  two  hundred 
years  from  the  firfl  beginning  of  the  ufe  of  coals, 
and  in  lefs  than  one  hundred  years  from  the  com- 
mencement of  an  extenfive  confumpt,  what  may 
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we  fuppofe  will  be  the  price  of  them  two  hundred 
* « 
years  hence  ? 

The  continual  increafe  of  the  coal  trade,  and 
of  the  general  ufe  of  coals,  is  fo  great,  that  1 am 
perfuaded  that  the  one  half  of  all  the  coals  that 
ever  were  confumed  in  this  ifland  and  exported 
from  it,  have  been  raifed  within  the  lad:  eighty 
years,  as  there  was,  comparatively  fpeaking,  but 
little  coals  ufed  eighty  years  ago  ; and,  if  this  is 
true,  it  fliows  us  how  rapidly  our  coals  are  waft- 
ing, for  it  is  certain  that  our  coal  works  in  many 
places  are  deep,  the  coal  waftes  extenfive,  the  ma- 
chinery and  whole  apparatus  of  the  works  very 
coftly,  and  the  coals,  in  maritime  places  efpe- 
cially,  raifed  at  a great  expence  ; fo  great  in- 
deed, that  fome  coal  works  are  carried  on  with 
lofs. 

i The  prefent  rage  for  exporting  coals  to  other 
nations  may  aptly  be  compared  to  ct  carelefs  fpend- 
thrift,  who  waftes  all  in  his  youth,  and  then  hea- 
vily drags  on  a wretched  life  to  miferable  old  age, 
and  leaves  nothing  for  his  heirs. 

'■  'When  our  coal  mines  are  exhauftedj  the  pro- 
fperity  and  glory  of  this  flourifliing  and  fortunate 
ifland  is  at  an  end.  ' Our  cities  and  great  towns 
muft  then  become  ruinous  heaps  for  want  of 
fewel,  and  our  mines  and  manufadtories  muft  fail 
from  the  fame  caufe,  and  then  confequently  our 
commerce  muft  likewife  fail.  In  fhort,  the  com- 
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juerce,*  wealth,  importance,  glory,  and  happinefs 
of  Great  Britain  will  decay  and  gradually  dwindle 
away  to  nothing,  in  proportion  as  our  coal  and 
other  mines  fail  j and  the  future  inhabitants  of  this 
ifland  muft  live,  like  its  firft  inhabitants,  by  filh- 
ing  and  hunting. 

My  natural  hiftory  of  the  jflrata  of  coal  may  be 
difputed  by  fuch  novices  as  are  abfolutely  igno- 
rant of  the  fubjefl:,  but  it  cannot  be  difproved  by 
fuch  proficients  in  the  fcience  as  will  take  the 
trouble  to  examine  all  circumftances  j but  whether 
my  hiflory  be  difputed  pr  not,  the  general  fads 
which  I have  Hated  relating  to  the  fubjed  of  our 
collieries  and  of  our  coal  trade  are  indifputable. 
Thefe  fads  are  eafily  inveftigated.  Accurate  fur- 
veys  can  be  made,  and  pretty  near  calculations  of 
the  coal  to  be  had,  and  of  the  time  it  will  lafl, 
when  compared  with  what  has  been  worked  out 
of  each  coal  field  for  a limited  time  part. 

Now,  if  thefe  fads  fliall,  upon  due  exami- 
nation, be  found  as  I have  reprefented  them, 
I will  leave  it  to  difinterefted  well-wifliers  of  their 
country  to  judge  whether  or  not  this  fubjed  de- 
ferves  and  requires  the  attention  of  the  public. 

I am  no  judge  of  the  lawfulnefs  or  propriety  of 
reftraining  the  fubjed  from  the  uncontrouled  ufe 
of  his  property  in  this  land  of  freedom  ; but  I 
clearly  forefee,  and  can  form  fome  judgment  of 
the  fatal  confequences  to  future  ages  of  a too  ra- 
pid 
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■pid  confumption  of  our  coals,  efpeclally  in  the 
maritime  parts  of  the  country. 

It  is  very  well  known  to  numbers  of  indivi- 
duals, though  perhaps  not  fufficiently  well  confi- 
dered  by  the  public  in  general,  how  much  this 
nation  is  indebted  to  the  mineral  kingdom  for 
the  principal  commodities  which  are  conveyed 
round  the  globe  in  the  numerous  and  extenlive 
channels  of  our  commerce. 

The  manufactories  which  prepare  the  mate- 
rials and  fabricate  thefe  commodities  are  exceed- 
ingly multiplied  and  various,  and  the  number  of 
hands  employed  about  our  mines,  manufactories, 
and  commerce  is  very  great  j and  it  is  an  eftabii- 
fhed  truth  in  politics,  that  numbers  of  people  well 
employed  are  the  riches  of  a nation,  and  it  is 
efpecially  fo  in  this  cafe,  as  all  the  materials  from 
the  mineral  kingdom  are  our  own.  Our  other 
mines  produce  the  raw  materials  of  our  various 
hard  manufactures,  but  fome  of  thofe  materials 
' cannot  be  raifed  out  of  the  mines,  and  none  of 
them  can  be  prepared  and  manufactured  without 
coals. 

I have  no  abilities  for  nice  and  extenfive  cal- 
culations, or  what  is  called  political  arithmetic  j 
however,  if  this  fubjeCt  was  but  duly  attended 
to  by  the  public,  there  are  not  wanting  numbers 
who  are  capable  of  calculating,  and  of  properly 
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ftating  the  effects  that  a general  rife  of  the  price 
of  coals  would  have  upon  our  manufadlures  and 
commerce. 

There  are  fome  plain  fa£ls,  however,  which 
appear  to  me  very  evident,  and  muft  appear  fo 
to  every  other  perfon  who  takes  even  but  a cur- 
fory  view  of  thefe  matters  : Such  as,  for  inftance, 
ly?.  The  lower  the  price  of  coals  is,  the  cheaper 
the  crude  materials  from  the  mineral  kingdom 
can  be  prepared,  and  the  cheaper  the  commodi- 
ties can  be  manufactured  from  them : id^  The 
cheaper  our  commodities  can  be  manufactured, 
the  better  we  arc  enabled  to  rival  other  nations 
in  commerce  : While  we  have  coals  enough 

at  a moderate  price,  our  manufactures  and  com- 
merce will  continue  to  flourifh,  but  it  is  impolli- 
ble  that  they  fliould  flourifh  any  longer  than  our 
coals  are  plenty  and  reafonable  ; becaufe,  other 
nations  have  greatly  the  advantage  of  us  when 
our  coals  are  either  exhaulted  or  too  dear,  as  mofl 
of  them  have  a much  greater  quantity  of  wood 
than  we  can  boafl  of,  or  it  would  be  our  interell 
to  have : There  are  plenty  of  productive 

mines  of  all  the  Britifh  metals  upon  the  continent 
of  Europe,  which  they  cannot  now  manufacture 
into  fuch  a number,  quantity,  and  variety  of  ex- 
cellent commodities  as  we  can,  on  account  of  the 
plenty  and  excellence  of  our  coals  j but  when  our 
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coals  fail,  or  are  become  too  dear,  then  they  can 
rival  and  exceed  us  on  account  of  their  extenfive 
woods. 

Thefe  fa£ts  are  plain  and  felf-evident,  and, 
therefore,  they  neither  ftand  in  need  of  ppof  nor 
illuftration  ; but  they  certainly  call  for  attention, 
and  it  would  require  extenfive  knowledge,  wif- 
dom,  and  fkill  to  form  fuch  regulations  as  will 
favour  our  own  manufactures,  and  at  the  fame 
time  do  juftice  to  the  Britilh  fubjeCts  and  to  the 
revenue. 

I am  really  concerned  for  the  metropolis  and 
her  younger  fillers,  when  I conlider  what  a great 
proportion  of  the  Newcaltle  coal  is  already 
walled  in  fo  Ihort  a period  of  time.  The  city  of 
London,  and  the  other  cities  and  towns  upon  the 
call  and  fouth  coalls  of  England,  feenv  to  me  to 
have  a llrong  claim,  if  not  a natural  right,  along 
with  our  manufactories,  to  all  the  coals  which  the 
north  of  England  can  produce ; and  if  proper 
care  is  not  taken  of  their  right  in  due'  time,  they 
will  too  foon  be  deprived  of  it.  There  is  indeed 
a pretty  good  fund  of  coal  in  Fife,  and  other 
places  upon  both  fides  of  the  frith  of  Forth,  which, 
may  be  fent  to  the  metropolis,  and  to  other  places 
upon  the  eall  and  fouth  coalts  of  England ; but 
there  are  a number  of  manufactories  upon  the 
banks  of  the  Forth,  which  would  be  foon  hurl: 
by  an  extenfive  coal  trade  from  thence,  as  fuch  a 
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trade  would  raife  'the  price  of  coals  there  too 
high  for  fuch  manufadtories ; and,  moreoverj 
the  north  of  Scotland  depends  upon  the  frith  of 
Forth  for  a fupply  of  coals,  and  they  feem  to  have 
a natural  right  to  all  the  coal  that  can  be  fpared 
from  thence. 

The  mines  of  Cornwall  and  our  copper  manu- 
faOiories,  and  fuch  other  manufactories  in  the  weft 
of  England  as  ufe  tin  and  copper,  feem  to  me  to 
lay  claim  to  all  the  coals  that  can  be  fpared  from 
South  Wales,  as  thofe  mines  and  thofe  manufac- 
tories are  of  the  firft  confequence  to  great  num- 
bers of  Briti/h  fuojects,  and  to  fome  important 
branches  of  our  commerce  and  revenue. 

The  city  of  Dublin,  and  many  other  parts  of 
Ireland,  depend  upon  Great  Britain  for  a necef- 
fary  fupply  of  coals,  even  for  culinary  ufes  j and 
I hinted  before,  that  the  collieries  of  Whitehaven, 
from  whence  Dublin  is  chiefly  fupplied,  are  al- 
ready very  deep.  However,  there  is  a valuable 
and  extenfive  magazine  of  coal  for  Irifli  confump- 
tion  treafured  up  in  the  county  of  Ayr  ; and 
it  is  well  for  Dublin,  and  other  parts  of  Ireland, 
that  there  are  fuch  magazines  in  Ayrfliire  and  the 
north-weft  of  England  ; and  what  would  become 
of  Dublin,  &c.  were  thefe  coals  to  fail.?  In 
that  event,  it  might  be  faid  with  propriety,  that 
the  Irifh  volunteers  would  blow  a cold  coal. — 
They  little  think  of  this  when  they  begin  to  fwag- 
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ger,  dlfturb  the  peace,  and  negled  their  proper 
occupations.  They  little  think  that  Britain  can 
ftarve  them,  knock  up  many  of  their  manufado- 
ries,  and  ruin  their  cities  for  want  of  fuel. 

When  thefe  matters  are  taken  into  ferious  con- 
fideration,  and  thoroughly  examined,  I prefume 
it  will  then  be  thought  by, all  the  impartial  and 
difinterefted,  that  the  lefs  coal  is  tranfported  out 
of  Britain,  the  better  for  the  nation  in  general, 
and  the  better  for  the  manufadories  of  Great 
Britain  and  Ireland ; and  if  foreigners  get  any 
coals  at  all  from  us,  they  fliould  pay  well  for 
them  by  an  increafed  duty. 

Reflraints  impofed  upon  any  eftablilhed  branch 
of  our  export  T^-de,  however  falutary  the  tendency 
of  thern  might  be  for  the  community  in  general, 

and  of  the  national  manufadories  in  particular, 
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would,  neverthelefs,  be  interpreted  by  many  as 
an  infringement  of  the  freedom  of  commerce,  and 
of  the  liberty  of  the  fubjed  to  difpofe  of  his 
own  property  to  the  bed  advantage. 

Thefe  matters  are  far  above  me ; but  they  cer- 
tainly merit  the  moft  ferious  confideration. 

Another  great  difficulty  occurs  to  me.  Any 
reflraints  impofed  upon  the  exportation  of  coal, 
would  in  fome  degree  affed  the  revenue  for  fome 
time  at  lead.  This  difficulty  feems  to  fland  as  an 
iiifurmauntable  barrier  in  the  way  of  the  future 
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Welfare  of  the  people  and  manufa£lof  ies  of  Britain 
with  refpe£t  to  cheap  coals,  and  yet  cheap  coals  is 
abfolutely  necelfary  for  the  welfare  of  both. 

I am  not  politician  enough  to  be  able  to’fuggeft 
the  proper  remedy  or  fuccedaneum  for  all  thefe* 
dilEculties ; but  I will  beg  leave  to  obferve,  that^ 
in  my  humble  opinion,  the  coals  of  Cape  Breton, 
and  other  parts  of  the  weftern  world  in  our  pof- 
felTion,  may  be  brought  fo  make  good  the  defi- 
ciency which  the  revenue  might  fuffer  by  dimi- 
nifhing  the  export  of  coals  from  Britain.  I am 
not  fufficiently  well  informed  of  the  hiflory  of  the 
coals  of  Cape  Breton,  &c.  to  be  able  to  ftate  the 
circumftances  relating  to  them  with  any  degree 
of  precifion  ; however,  in  general,  it  appears  cer-> 
tain,  that  there  is  abundance  of  coal  in  that 
ifland,  and  that  fome  ^of  them  were  wrought  by 
the  French,  and  exported  to  their' fugar  iflands. 

Several  navigators  who  had  been  at  Louifbourg 
. affured  me,  that  the  ifland  abounds  with  coal  to 
fuch  a degree  as  to  appear  in  the  cliffs  near  the 
harbour  ; but  as  none  of  thefe  w'ere  men  of  fci-  ■ 
ence  in  this  branch  of  natural  hiflory,  their  ac-  • 
count  was  vague  and  unfatisfadoryi  Raynal’s 
account  of  thefe  coals,  in  his  Hiflory  of  the  Set- 
tlement and  Commerce  of  the  Wefl  Indies,  is  not 
more  fatisfaftory  than  that  of  the  fhip-maflers 
I converted  with. 
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In  general,  I learn  from  Raynal,  that  the  coal 
lies  in  a horizontal  pofition ; that  the  French 
wrought  it  very  near  the  furface  without  any 
hydraulic  machinery,  and  even  without  any  level 
mine  or  adit  for  draining  off  the  water.  It  is  pro- 
bable that  they  began  upon  a ftratum  of  coal  in 
the  face  of  one  of  the  clilfs,  and  wrought  it  un- 
der cover,  w'hich  is  commonly  done  in  Britain 
when  coal  is  difcovered  in  a cliff,  or  a ravine, 
and  wrought  upon  a fmall  fcale. 

Raynal’s  account  of  this  matter,  or  any  other 
information  I have  yet  procured,  gives  no  grounds 
for  apprehending  that  any  confiderable  quantity 
has  been  wrought.  Such  a work  as  Raynal 
hints  at  could  have  produced  but  very  little  coal 
that  was  worth  raifing  at  all.  It  is  very  well 
known  to  men  of  fkill  and  obfervation,  that  fuch 
parts  of  every  ftratum  of  coal  as  are  very  near 
the  furface  of  the  ground,  and  as  are  naturally 
drained  by  the  figure  and  difpofition  of  the  fur- 
face, is  feldom  good  for  any  thing  ; and  it  feems 
to  fay  much  in  favour  of  the  Cape  Breton  coal, 
that  thofe  fuperficial  worlcs  produced  fuch  as 
\vas  worth  the  raifing. 

We  are  farther  informed  by  Raynal,  that  a 
feam  of  coal  was  fet  on  fire  at  Cape  Breton^ 
which  burned  with  great  fury.  As  this  accident 
may  feem  very  alarming  to  fuch  as  have  not  tho- 
roughly inveftigated  theie  matters,  it  may  be  pro- 
per 
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* per  to  obferve,  that  this  conflagration  cannot  be! 
of  very  dangerous  confequence  to  the  coal.  Ic 
will  only  confume  the  ftratum  that  is  on  fire  in 
the  horizontal  direftion,  until  the  fire  arrives  at 
one  of  the  natural  bars  which  are  fo  frequently 
found  to  interrupt  the  regular  ftretch  and  bearing 
of  the  ftrata,  known  by  the  names  of  dykes,  flips, 
&c.  and  there  it  will  be  flopped,  for  there  the 
ftratum  of  coal  is  partially  cut  off ; and,  therefore, 
the  fuel  of  the  conflagration  muft  fail.  It  will 
only  confume  the  feam  of  coal  towards  the  dip  or 
declivity  of  the  ftrata  to  the  water's  edge,  that  is, 
fo  far  down  as  the  feam  of  coal  is  naturally  laid 
dry  by  the  cliffs  and  ravines,  and  other  inequali- 
ties of  the  furface  of  the  ground ; and  when  it 
only  burns  down  to  the  water,  it  is  fure  to  leave 
the  beft  of  the  coal ; for  real  experience  affures 
us,  that  the  deeper  coals  are  wrought  down  under 
water,  the  better  they  always  prove.  But  it  is 
proper  to  obferve,  that  while  a coal  is  burning 
near  the  crop  or  furface,  it' is  not  prudent  to  open 
any  works  to  the  dip  upon  that  feam  until  the 
fire  is  really  extinguifhed,  becaufe  the  fire  will 
communicate  with  the  works  below  when  it  gets 
air,  and  deftroy  the  whole.  However,  in  cafes 
of  neceffity,  the  fire  may  be  got  under,  and  whol- 
ly extinguifhed,  by  corking  and  flopping  the  mines 
and  fhafts,  and  other  apertures  and  air  vents,  and 
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the  effect  will  be  haftened  if  a rivulet  can  be  turn- 
ed into  the  burning  cavities,  and  fuch  ftoppages 
made  as  will  confine  the  water  to  rife  wdthin  the 
excavations.  But  if  the  external  air  can  be  per- 

I 

feclly  excluded,  the  fire  will  be  extinguifhed 
without  any  farther  trouble. 

As  the  ifland  of  Cape  Breton  is  of  confider- 
able  extent,  and  as  there  is  a certainty  of  coal 
exilling  in  the  ifland,  there  is  great  probability 
that  it  may  prove  a valuable  coal-field  ; and, 
moreover,  there  is  but  a narrow  flraight  be- 
tween Cape  Breton  and  Nova  Scotia,  and  the 
latter  is  fituated  direftly  in  the  line  of  bearing 
of  the  flrata,  and,  therefore,  it  is  probable  that 
coals  may  be  found  in  the  maritime  parts  of 
Nova  Scotia,  where,  it  is  faid,  that  they  really 
have  been  feen  ; and  it  is  alfo  faid,  that  coals 
have  been  difcovered  in  the  ifland  of  New- 
foundland ; one  or  both  of  which  places  may 
turn  out  well,  if  properly  tried  : But  fuppofing 
they  fliould  notj  Cape  Breton  is  of  fuch  confi- 
derable  extent,  that  it  promifes  a fund  of  coal 
equal  to  a very  extenfive  exportation,  and  -to  the 
demands  of  the  new  world,  for  a long  period  of 
lime,  there  being  no  room  to  doubt  the  exiflence 
of  a number  of  feams  ; and  it  is  highly  probable, 
from  what  is  related  of  them,  that  they  are  feams 
of  a good  thicknefs  and  quality,  x 
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This  fubjetl,  therefore,  appears  to  be  of  fuch 
importance  as  to  merit  an  inquiry,  whether 
or  not  it  is  proper  for  Government  to  encourage 
the  working  of  thofe  coals  upon  a large  fcale  ? 
In  my  humble  opinion,  it  cannot  admit  of  a doubt 
that  it  would  be  highly  proper,  and  in  the  event 
of  this  new  trade  proving  fuccefsful,  it  would  foon 
become  greatly  beneficial  to  the  mother  country, 
by  keeping  down  the  price  of  coals  at  home,  which 
would  encourage  her  manufactures,  and  by  draw- 
ing a revenue  froni  the  foreign  coal  trade. 

It  is  not  improbable  that  this  fcheme  would 
meet  with  fome  oppofition  at  firft  from  the  weal- 
thy coal  owners  of  Britain,  as  it  might  excite  in 
them  an  apprehenfion  of  fome  abatement  of  their 
profits,  as  they  now  Ihip  a confiderable  quantity 
of  coal  for  the  weftern  world  j and,  it  mufl  be 
confeifed,  that  if  the  exiltence  and  profperity  of 
the  Britilh  empire  was  only  to  laft  for  the  fhort 
fpace  of  thirty  or  forty  years,  commenfurate  to  the 
time  that  a fet  of  men  may  be  fit  for  pufhing  a 
lucrative  branch  of  bufinefs  fuccefsfully,  and  that 
at  the  end  of  that  period  all  was  to  fink  in  obli- 
vion when  thofe  men  die,  it  would  be  very  pro- 
per to  hear  them. 

Upon  fuch  a fuppofition,  it  does  not  appear 
^hat  any  real  good  to  Britain  could  be  propofed' 
from  opening  American  or  Weft  India  coals,  be- 
pufe  there  is  at  this  time  a confiderable  quantity 
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of  coal  carried  from  Britain  to  the  Weft:  Indies 
and  America ; which  branch  of  trade  the  American 
coal  would  interfere  with  and  diminilh.  Self-inte- 
reft  a£ls  upon  the  principles  and  views  of  prefent 
profit,  and  neither  cares  nor  confiders  what  will 
be  the  future  confequence  to  pofterity,  provided 
it  reaps  the  prefent  advantage  j but  God  forbid 
our  Britifh  rulers  fhould  at  any  time  be  fo  un- 
concerned about  the  prefent  and  future  welfare 
of  this  commercial  ifland,  as  to  do  or  to  leave  un- 
done what  would  hurt  and  injure  the  communi- 
ty in  general,  to  gratify  the  avaricious  views  of  a 
few  wealthy  individuals. 

Upon  this  fuppofition  of  the  coal  of  Cape  Bre- 
ton being  opened,  and  proving  as  fuccefsful  as 
there  is  reafon  to  hope  and  exped:,  the  coafts  of 
the  Weft  India  iflands  and  of  the  continent  of 
America  are  fo  very  extenfive,  and  the  cities  and 
towns  upon  the  coafts  fo  numerous  and  confi- 
derable,  that  the  trade  for  thofe  coals  might  be 
enlarged  to  fuch  an  extent  as  in  time  to  bring  in 
a revenue  to  the  Britifh  Treafury,  equal,  if  not 
fuperior,  to  the  receipts  from  the  whole  coal 
trade  of  Great  Britain,  without  laying  too  heavy 
a duty,  or  any  way  opprefting  the  weftern  trade. 

This  event  of  itfelf  is  devoutly  to  be  wifhed 
by  every  difintetefted  Britifh  fubjed ; but  it  is 
jiot  this  confideration  that  lies  neareft  my  heart. 

It 
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It  appears  to  me  certain,  as  an  infallible  con- 
fequence  of  the  nature  of  things,  that  the 
commercial  wealth  and  glory  of  this  induftri- 
ous  and  happy  ifland  mud  dwindle  away  by  de- 
grees, in  proportion  as  coals  become  fcarce  or 
rife  in  price,  and  difable  us  from  keeping  down 
the  prices  of  our  manufaSures,  at  lead  upon  a 
par  with  our  rivals  ; and,  therefore,  it  is  the  fav- 
ing  of  our  own  coals  for  our  own  ufe,  and  for 
the  public  good,  that  fhould  be  our  chief  motive 
to  open  the  Wed  India  coal ; and,  moreover,  it 
may  not  perhaps  be  Improper  to  work  out  thofe 
coals  as  foon  as  pofTible,  while  they  are  in  our 
power,  led  we  fliould  not  have  them  to  work 
in  time  to  come,  if  we  let  flip  the  proper  oppor- 
tunity, which  feems  to  be  now  In  a time  of 
peace,  when  we  have  leifure  to  look  after  fuch 
matters. 

We  fee,  that  with  the  help  of  our  rivals,  thir- 
teen of  the  American  provinces  are  made  inde- 
pendent, and  it  is  probable  that  they  will  foon  be 
formed  into  a great  empire.  Many  of  the  inha- 
bitants of  the  principal  cities  of  America  have 
burnt  Britifh  coals  for  a confiderable  time  pad, 
which  they  found  cheaper  than  wood,  after  the 
country  began  to  be  cleared  near  the  fea-coad, 
notwithdanding  that  the  purchafe,  duty,  ami 
freight  of  coals  from  Britain  mud  raife  the  price 
of  them  prodigloufly  to  the  Americans.  I do 
VOL.  I.  A a not 
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not  know  that  there  is  much  coal,  if  any,  as  yet 
' difcovered  within  the  territories  of  the  States  of 
America ; and,  therefore,  it  is  to  be  fuppofed, 
that  as  they  gather  ftrength,  and  feel  more  the 
want  of  coal,  they  will  call  an  evil  eye  upon 
Cape  Breton,  &c.  and  envy  us  the  pofleffion  of 
an  ifland  in  their  neighbourhood,  which  feems  to 
be  a vaft  magazine  of  coals. 

Fire  wood  will  foon  grow  fcarce  and  dear  along 
the  coafts  of  North  America,  and  manufactories 
will  foon  be  eftablifhed  there,  which  cannot  be 
properly  and  effectually  carried  on  without  large 
fupplies  of  coal ; and,  therefore,  we  muft  fuppofe 
that  the  very  fenfe  of  their  wants  will  alone  be 
fufhcient  to  make  a conqueft  of  Cape  Breton  for 
the  fake  of  our  coal.  Such  a conqueft  might  be 
accomplifhed  and  fecured  before  we  in  Britain 
could  be  well  apprized  of  the  preparations  for  it ; 
but  if  we  had  fiourifhing  and  extenfive  collieries, 
and  a brifk  coal  trade  going  oh  there,  in  conjunc- 
tion with  our  fifheries,  it  would  be  more  worth 
our  while  to  keep  the  ifland  in  a more  fufficient 
poflure  of  defence  than  it  is  at  prefent.  In  fhort, 
I am  of  opinion  that  the  fooner  thofe  coals  are 
worked  the  better. 

The  certain  knowledge  of  a fund  of  coal  lying 
there  unwrought,  may  be  the  means  of  lofing  all 
our  Weft  India  pofleffions  on  account  of  thofe 
coals.  It  is  not  only  the  Americans  that  ftand  in 
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heed  of  thofe  coals.  The  French,  &c.  are  alfo 
much  in  need  of  them ; and  why  may  not  the 
French  join  the  Americans  to  conquer  the  reft  of 
our  American  pofleffions,  when  they  find  by  expe- 
rience that  the  coal  is  abfolutely  neceflary  for 
both  parties  ? We  know  what  they  have  done, 
when  they  had  no  other  motives,  in  procuring  inde- 
pendence to  our  colonies,  than  to  weaken  us,  and  to 
appropriate  our  American  trade  to  themfelves ; apd 
why  may  they  not  do  the  fame  again,  when  they 
have  the  additional  motive  of  fecuring  to  them- 
felves our  coal  mines  and  fifheries,  which  are  by 
far  more  precious  to  a manufacturing  commer- 
cial people  than  gold  mines  ? 

If  we  could  give  the  Americans  a plentiful  fup- 
ply  of  coals  from  Cape  Breton,  it  is  prefumed, 
that  they  would  find  this  to  be  fo  great  a national 
convenience,  that  it  -would  induce  them  to  extend 
their  trade  with  Great  Britain  in  preference  to  all 
other  countries.  . . . 

As  matters  now  ftand,  no  other  nation  can 
fupply  them  with  this  precious  and  neceflary  com- 
modity ; and  all  people  feel  themfelves  happy 
when  their  wants  are  fupplied.  Our  fupplying 
them  with  coal,  muft,  as  a natural  and  neceflary 
confequence,  turn  the  balance  of  trade  to  • our 
fide.  They  will  give  the  preference  to  our  com- 
modities for  the  fake  of  our  coals,  which  no  other 
nation  can  fupply  them  with  j and,  therefore,  we 
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tan  keep  the  balance  in  our  favours  fo  long  as 
we  keep  all  our  prefent  polTellions,  and  make  a 
good  ufe  of  them. 

It  has  been  faid  that  there  are  coals  in  Canada, 
which  I cannot  difprove  ; however,  as  far  as  Pro- 
feflbr  Kahn  of  Sweden  had  an  opportunity  of 
viewing  the  fuperficies  of  the  flrata  in  that  coun- 
try, there  is  not  the  leaft  appearance  of  coal  in 
Canada  : And  his  account  of  the  ftrata,  which  he 
faw  in  a journey  from  New  York  to  Montreal, 
along  the  margin  of  fome  of  the  lakes  and  rivers, 
and  along  a confiderable  part  of  the  river  St  Lau^ 
jTsnce,  is  fenfible,  judicious,  and  fatisfaftory  ; but 
Mr  Kalm  faw  not  the  leaft  fymptom  of  coal  a- 
mong  the  ftrata  which  he  viewed  in  Canada. 

I am  fully  fenfible  that  my  information  is  not 
fo  perfect  as  the  magnitude  and  importance  of 
this  fubje£i  deferves  j but  I,  neyerthelefs,  think 
it  my  duty  to  communicate  fuch  hints  as  are  in 
my  power  ; and  however  imperfedt  my  hints  are, 
I cannot  help  thinking  that  their  great  importance 
merits  the  attention  of  Government,  and  this  at- 
tention will  produce  proper  enquiries,  which  will 
enable  them  to  inveftigate  the  truth  of  the  fafts 
which  I have  hinted  at ; and  fuch  enquiries  will 
give  them  the  knowledge  of  many  circumftances 
telatin^to  this  fubjeft,  W'hich  at  prefent  are  out 
of  my  reach. 
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The  farther  I look  into  this  fubje6l,  the  more 
interefting  it  appears.  The  exiftence  of  abun- 
dance of  coal  in  the  ifland  of  Newfoundland,  is 
generally  underftood  to  be  an  eftablifiied  fa6t. — 
This  is  ftill  a more  interefting  fituation  for  coals 
than  Cape  Breton,  on  account  of  its  vicinity  to 
the  great  fifhing  bank.  Cape  Breton  may  be  cal- 
led the  key  of  Canada,  but  Newfoundland  is  the 
afylum  and  defence  of  the  cod  fifhery  j and  the 
importance  of  this  great  nurfery  for  failors  is 
of  the  firft  confequence  to  a maritime  and  com- 
mercial nation,  whofe  natural  and  fureft  defence 
is  her  naval  force. 

In  the  light  which  this  fubjed  appears  to  me, 
it  is  to  be  wifhed  that  the  coals  of  Newfoundland, 
as  well  as  thofe  of  Cape  Breton,  were  worked 
out  by  us. 

An  extenfive  and  fuccefsful  coal  trade  at  New- 
foundland and  Cape  Breton,  would  produce  fuch 
an  increafe  of  commerce  and  revenue,  as  would 
make  our  pofleftions  in  the  weft  a great  and  con- 
ftant  objedl  of  care  and  attention.  Our  coal  ftiips 
and  other  trading  veflels  would  be  continually 
traverfing  the  coafts  of  the  iflands  and  continent 
of  America.  They  would  have  fomething  to  do 
in  every  creek  and  harbour,  north  and  fouth, 
which  would  give  us  perfect  intelligence  of  what 
is  going  on  in  all  the  regions  of  the  new  world  j 
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and,  therefore,  we  could  never  be  furprifed  j and, 
as  a confequence  of  the  increafe  of  commerce,  we 
ihould  always  have  a greater  naval  force  in  the 
Weft  Indies  than  prefent  circumftances  require. 

The  Americans  have  plenty  of  timber  for  fhip- 
building,  and  for  charcoal  to  fmelt  their  own  iron 
ores.  They  have  plenty  of  good  land  fit  for  raif- 
ing  hemp  for  cordage  and  fail  cloth ; and  abun- 
dance of  thefe  articles  in  perfeftion  will  put  it  in 
their  power  to  build  fliips  of  war  at  a cheaper 
rate  than  we  can  do ; and  it  is  vain  to  imagine 
that  they  will  not  fome  time  or  other  avail  them- 
felves  of  the  advantages  of  their  fituation,  and  of 
the  natural  produftions  of  their  country,  and  of 
, the  fertility  of  their  foil  j and  it  is  as  vain  to  ima- 
gine that  they  will  not  caft  an  evil  eye  upon  our 
weftern  coal  mines  and  fifheries  when  they  have 
fully  fettled  their  form  of  government,  and  feel 
their  own  ftrength,  and  their  want  of  our  poflef- 
fions  for  the  farther  increafe  of  their  manufac- 
tures, commerce,  and  wealth,  and  the  farther 
aggrandizement  of  their  power. 

When  Government  is  fully  fatisfied  of  the  va- 
lue and  importance  of  the  Weft  India  coals,  of 
courfe  it  becomes  a ferious  queftion,  what  is  the 
moft  proper  plan  for  opening  and  working  thofe 
coals,  for  the  intereft  of  the  nation  and  of  all  cofi-* 
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A few  hints  upon  a fubjed  of  fo  much  confe- 
quence  from  a profeffional  man,  cannot  be  thought 
unreafonable. 

In  difcufling  this  topic,  we  prefume  to  fuggeft, 
that,  in  the  firfl:  place,  it  is  neceffary  for  Govern- 
ment to  explore  and  difcover  thefe  coals,  and  lay 
them  bare  for  the  infpeciion  of  Britilh  coal  maf- 
ters  or  companies,  and  with  this  view,  the  firfl 
thing  to  be  done,  is  to  employ  a prudent  man 
of  abilities  and  Ikill  in  the  theory  and  pradtice  of 
the  coal  bufinefs  ; to  furvey  the  Weft  India  coals 
and  coal  fields ; to  make  fuch  trials  upon  the 
coals  already  difcovered,  and  thofe  he  may  difco- 
yer,  as  may  be  neceffary  to  afcertain  the  thick- 
nefs,  quality,  and  fituation  of  each  ftratum  of 
coal  that  may  be  judged  worth  attention;  and  to 
make  out  a full  and  fubftantial  report  of  all  the 
material  circumftances  relating  to  each  coal,  for 
the  information  and  ufe  of  Government,  and  of  i 
fuch  gentlemen  and  companies  as  may  wifli  to 
look  into  this  interefting  fubjecl. 

As  far  as  circumftances  can  be  inveftigated, 
his  report  fhould  give  a fatisfadtory  account  of 
the  quality  and  thicknefs  of  each  feam  or  ftra- 
tum of  coal  ; of  the  number  of  workable 
feams  in  each  coal  field  ; of  the  roof  and  pave- 
ment of  each  ftratum  of  coal,  and  the  other  con- 
comitant ftrata  fituated  above  and  below  each 
coal,  fo  far  as  they  can  be  feen,  and  of  the  dope 
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or  inclination  of  the  feveral  coals  from  the  ho^ 
rizontal  pofition.  He  Ihould  confider  the  eafe  or 
difficulty  of  finking  upon,  and  of  winning  and 
working  each  ftratum  of  coal ; what  machinery 
will  be  neceffary  for  that  purpofe ; the  diftance 
from  a good  harbour  or  (hipping  place ; the  eafe 
or  difficulty  of  conveying  the  coals  to  the  (hore, 
and  of  (hipping  them  ; and  the  prefent  condition 
and  neceifary  improvements  of  the  feveral  defcrip- 
tions  of  (hipping  places  (liould,  come  under  his 
confideration.  He  (hould  calculate  and  report 
his  eftimate  of  the  expence  of  opening  and  win- 
ning fuch  a feam  or  feams  of  coal  in  Britain  to  a 
proper  depth,  and  upon  a proper  fcale,  to  be 
ready  to  work  with  a fufficient  number  of  colliers, 
including  the  necelfary  machinery,  and  how 
much  per  ton  is  commonly  paid  the  colliers  in 
Britain  for  working  fuch  feams  of  coal.  Allow- 
ance mud  be  made  by  thofe  hereafter  to  be  con- 
cerned between  the  expence  of  fuch  works  at 
home  and  in  the  Weft  Indies.  In  fhort,  he  (hould 
confider  and  report  every  thing  that  is  neceifary 
and  proper  to  be  known  for  the  information  of 
all  thofe  concerned,  and  the  information  (hould 
be  very  complete  and  particular  when  the  fubjeft 
is  fo  remote,  and  is  of  fuch  confequence  to  the 
commerce,  wealth,  and  power  of  the  Britilh  em- 
pire. 
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Wiien  this  report  is  made  and  cohfidered  by 
Government,  fuitable  encouragement  fhould  be 
offered  to  gentlemen  and  to  companies  of  charac- 
ter, ftock,  and  abilities  for  fuch  undertakings,  to 
open  and  work  fome  of  thofe  coals.  It  might  be 
prudent  for  Government  to  give  fome  aid  at  firft 
to  the  undertakers  ; but  fuch  works  would  not 
thrive  if  carried  on  at  the  public  expence, — they 
muff  be  carried  on  by  frugal  and  Ikilful  under- 
takers, if  we  would  expert  them  to  fucceed  j and 
it  will  be  neceffary  for  one  at  leaft,  and  a Ikilful 
one,  of  thofe  concerned,  to  be  always  upon  th^ 
fpot. 

The  firft  undertakers  ftiould  be  dlowed  a fuf- 
ficiently  extend ve  coal-field,  and  every  reafonable 
privilege  and  indulgence ; but  they  fhould  not 
have  a monopoly.  Other  adventurers  fliould  have 
room  to  employ  their  fkill  and  capitals  in  this  line 
of  bufinefs  in  the  weft  as  well  as  in  Britain.  Mo- 
nopolies feldom  do  much  good.  The  views  of 
monopolifts  are  always  too  felfifli  and  confined  to 
be  of  extenfive  utility  and  public  benefit. 

Newfoundland,  Cape  Breton,  and  the  penim 
fula  of  Nova  Scotia  are  all  in  the  true  line  of  the 
bearing  of  the  ftrata  of  coal,  and  others  in  the 
fame  parallels  of  latitude  in  other  countries.— 
The  ftrata  of  Great  Britain,  and  thofe  in  the 
fame  parallels  of  latitude  of  other  tountries^ 
trend  from  north-eaft  to  fouth-weft,  or  nearly 
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to ; and,  from  viewing  the  map,  it  appears,  that 
Newfoundland,  Cape  Breton,  and  Nova  Sco- 
tia are  fituated  in  this  line  of  bearing  ; and, 
thereforej  it  is  probablcj  that  the  fame  coals  and 
coal  metals  ftretch  through  thefe  three  different 
countries.  There  feems  to  be  a certainty  of  plen- 
ty of  coal  in  the  two  iflands,  and  it  is  probable 
that  the  coal  of  Cape  Breton  flretches  through  the 
narrow  ftraight  into  the  peninfula  of  Nova  Scotia* 
which  is  but  a fhort  diflance. 

The  difcovery  of  abundance  of  good  coal  in 
thefe  three  countries  will  give  ample  room  for  a 
number  of  undertakers : But  fuppofing  they  were 
only  found  fufficiently  good  and  plentiful  in  one 
of  the  three  countries,  there  will  flill  be  room 
enough  for  a mumber  of  adventurers,  and  for  a 
Very  extenfive  coal  trade*  How  many  different 
collieries  of  great  extent  are  wrought  in  the  two 
counties  of  Northumberland  and  Durham  in  Eng- 
land ? and  mofl  of  the  coals  of  thofe  counties  are 
/hipped  off  in  the  two  ports  of  Shields  and  Sun- 
derland. The  populous  fea  coaft  of  North  Ame- 
• rica  is  fo  extenfive,  and  the  cities  and  fea-ports 
upon  that  coaft  are  fo  numerous  and  flourifhing, 
that  there  is  no  room  to  doubt  of  a fufficiently 
extenfive  demand  to  excite  the  adivity  and  exer- 
tions of  a number  of  adventurers  in  the  wefterii 
Coal  trade,  befides  the  demand  of  the  Carribbee 
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Iflands,  which  of  themfelves  are  fufficient  to  create 
a brilk  trade. 

In  the  event  of  a hr  ilk  coal  trade  in  the  Weft 
Indies,  Halifax  or  Louilbourg  will  foon  become 
a famous  mart,  the  ftaple  of  a great  and  exten- 
five  commerce,  which  will  be  created  by  the  coal 
trade,  and  w^hich  will  increafe  and  flourilh  in  pro- 
portion as  the  coal  trade  increafes.  Canada  and 
Nova  Scotia  will  lhare  with  the  mother  country 
the  benefits  of  the  new  commerce  of  the  weft.  A 
new  and  powerful  fpring  will  be  given  to  the  agri- 
-culturifts.  I'heir  rich  and  extenfive  foils  will  rer 
ceive  the  higheft  improvements,  by  fupplying  with 
provifions  the  numerous  Ihipping  and  increafed 
population  which  this  new  commerce  will  fooir 
create. 

Commerce  gives  the  means  and  neceflary  aid 
for  improvements  in  agriculture ; but  agriculture 
itl'elf  is  the  foundation  of  the  commerce  and  pro- 
fperity  of  all  nations.  Agriculture  gives  to  com- 
merce men,  provifions,  and  a great  part  of  naval 
ftores,  and  commerce  fupplies  the  means  of  im- 
provements in  agriculture.  If  Canada  and  Nova 
Scotia  were  favoured  with  thefe  aids  to  improve 
their  lands,  the  rich  foils  of  thofe  countries  might 
foon  come  to  fupply  Great  Britain  with  all  her 
naval  ftores.  The  woods  of  Canada  and  Nova 
Scotia  will  fupply  mafts,  yards,  and  tar,  and 
their  fertile  foils  will  fupply  abundance  of  hemp, 
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when  they  are  enabled  to  advance  the  improve- 
ments of  thole  foils.  With  refpeft  to  iron,  there 
is  now  a confiderable  quantity  made  in  Great 
Britain  ; and,  to  my  certain  knowledge,  we  have 
abundance  of  the  raw  materials  for  making  any^ 
quantity  that  might  at  any  time  be  defired.  If  a 
fmall  encouragement  was  given  for  the  making 
of  iron  at  home,  and  fome  difcouragement  to  the 
importation  of  foreign  iron,  our  furnaces  and 
blomaries  would  foon  increafe  to  fuch  a degree 
as  to  produce  a fufhcient  quantity  to  anfwer  all 
the  demands  of  agriculture,  manufaftures,  and 
fhipping  ; and  this  regulation  would  have  a direct 
tendency  to  enrich  the  nation,  by  keeping  the 
money  at  home  in  circulation  which  now  goes 
abroad  to  enrich  other  nations,  and  by  employing 
great  numbers  of  our  own  people  to  work  upon 
our  own  materials.  Our  own  iron  manufadories 
certainly  merit  the  public  attention. 

The  Britilh  coal  trade  is  well  known  to  be  an 
excellent  nurfery  of  able  and  hardy  feamen.  Few 
naval  feenes  in  the  world,  if  any,  are  more  aftive 
and  more  conftant  than  the  coal  trade  from  New- 
caftle  and  other  parts  of  Britain  ; and  it  is  where 
they  are  conftantly  employed  in  rough  and  dan- 
gerous feas,  like  the  coafts  of  Britain,  which  al- 
ways require  hard  labour,  that  able  and  hardy 
feamen  are  bred  ; and  thefe,  on  board  our  Ihips 
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of  war,  under  able  commanders,  are  the  glory 
and  defence  of  the  Britifli  dominions.  . 

The  coal  trade  of  the  weft,  when  it  is  impro- 
ved, and  the  other  branches  of  trade  which  it 
will  create  or  increafe,  will  employ  and  breed 
many  thoufands  of  good  and  hardy  feamen  : Our 
dominions  in  the  weftern  world  will  then  become 
aftive  and  flourifliing  upon  the  American  feas 
like  the  coafts  of  Great  Britain,  and  our  mercan- 
tile (hipping  will  form  a bridge  of  ready  commu- 
nication from  the  old  world  to  the  new. 

But  the  harbours  of  Cape  Breton  and  Newfound- 
land being  frozen  up  during  fix  months  in  the  year 
may  be  confidered  as  a great  difeouragement  to 
this  coal  trade.  The  failors  employed  in  it  cannot 
afford  to  lie  idle  during  the  winter  half  of  the 
year,  when  no  other  employment ' is  to  be  had, 
nor  can  the  ftiip-mafters  afford  to  lay  up  their 
veffels  fo  long  in  this  dead  feafon,  when  they 
cannot  be  employed  at  the  fiftiing.  The  coal- 
works  will  require  to  be  carried  on  conftantly,  to 
prevent  the  works,  the  materials,  and  machinery 
from  falling  to  ruin.  The  colliers  muft  be  con- 
ftantly employed,  or  paid  for  going  idle,  and  ha- 
bits of  idlenefs  will  foon  fpoil  them,  and  take 
away  the  power  and  inclination  to  work.  If  they 
work  conftantly  for  half  a year  without  any  con- 
fumption  of  the  coals,*  they  will  accumulate  to 
fuch  a degree  as  to  become  troublefome,  or  they 
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will  fpoil  and  inlake  upon  hand  ; and,  therefore, 
it  will  be  necelTary  to  Ihip  off  fome  coals  in 
winter.  When  the  winter  is  fairly  fet  in,  and 
. the  fnow  fallen,  the  weather  is  generally  ferenc 
and  pleafant,  though  cold  during  the  reft  of  the 
winter  in  North  America.  We  prefume  that  it 
may  be  practicable  during  this  fettled  weather  to 
' ffiip  off  fome  coals  from  the  outer  edge  of  the 
ice.  For  this  purpofe  I would  advife  that  the 
coals  be  carried  out  upon  the  ice  to  the  fhipping 
in  a fort  of  boats  or  lighters,  which  may  be  drawn 
along  the  ice,  fixed  in  a frame  to  move  upon 
four  wheels,  or  in  the  manner  of  a fledge.  A 
windlafs  upon  the  fhore,  and  another  on  board 
the  fhlp,  would  draw  this  vehicle  to  and  fro  with 
a line  upon  the  ice  very  expeditioufly,  provided 
the  diftance  is  not  too  great  for  the  line  to  reach ; 
in  that  cafe  it  muft  be  drawn  along  by  men  or 
cattle.  If  the  ice  Ihould  happen  to  break  at  the 
outer  edge  near  the  end  of  winter,  the  boat-form 
' of  the  carriage  will  fecure  it  from  finking.  If  a 
fliip  can  get  out  loaded  to  the  open  fea,  flie  will 
find  no  difficulty  in  failing  fouthward,  where  the 
ports  are  always  open.  In  a country  fo  cold  as 
Cape  Breton,  &c.  where  the  froft  is  fo  intenfe, 
and  of  fo  long  a continuance,  it  may  be  neceffary 
to  have  fubftantial  buildings  railed  over  the  coal- 
pits, and  over  the  engines  and  other  apparatus, 
where  fires  ftiould  be  kept  burning  during  the  fe- 
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verity  of  the  weather.  If  fuch  precautions  are 
neglected,  all  the  machinery  will  foon  be  frozen 
up  and  rendered  ufelefs  for  a long  time,  or  be  in 
danger  of  breaking  to^  pieces  in  a moment  if  em- 
ployed. All  ;the  mafonry  about  the  collieries 
mufl:  be  done  in  fummer,  and  care  fhould  be 
taken  to  build  none  when  froft  appears,  and  in 
fuch  a country  it  will  be  very  necelfary  to  build 
with  hot  lime,  that  is,  with  lime  newly  flaked 
from  the  burnt  lime-lhells,  which  fhould  be  im- 
mediately mixed  with  fand  and  ufed  before  it 
cools  ; and  all  that  is  flaked  and  mixed  each  day 
mufl  be  wrought  up  before  night  to  prevent  its 
being  touched  with  froft.  Mortar  once  frozen 
will  never  take  band.  This  caution  fhould  be 
carefully  obferved  in  all  buildings  in  thofe  coun- 
tries, efpecially  in  the  garrifons  and  harbours. 

But  whatever  may  be  the  fate  or  the  fuccefs  of 
the  American  coals,  it  will  not  leflen,  the  confe- 
quence  of  our  own,  nor  the  neceflity  of  looking 
into  the  real  flate  of  our  collieries,  becaufe  it  is 
of  the  utmofl  importance  to  the  metropolis,  and 
our  other  trading  cities  and  towns,  that  there 
fliould  be  a certainty  of  the  continuance  of  a plen- 
tiful fupply  of  fuel  at  a moderate  price;  It  is  of 
the  utmofl  importance  to  the  profperity  of  our 
manufaflures  that  this  fuel  fhould  be  cheap  ; the 
profperity  of  our  commerce  immediately  depends 
upon  our  manufactures  j and  both  mufl  dwindle. 
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and  decay  in  proportion  to  the  fcarcity  or  the  high 
price  of  our  coals. 

It  is  of  great  confequence  to  our  manufactories 
that  coals  fliould  be  plenty  and  cheap  near  the 
fite  of  fuch  as  are  already  eftabliftied,  • and  where 
new  ones  are  to  be  fet  agoing  j becaufe,  in  moft 
inftances,  the  crude  materials  will  not  admit  of 
being  carried  to  the  coals,  and,  therefore,  the 
coals  mull  be  carried  to  them  ; or,  in  other  words, 
remote  country  places,  at  a great  diftance  from 
the  fea,  will  not  anfwer  for  the  fite  of  moll  of  our 
manufactories,  and,  therefore,  it  would  greatly 
injure  them  to  have  the  price  of  coals  raifed  too 
high  in  maritime  jfituations,  where  fuch  manufac- 
tories are  and  fhould  be  eftablilhed  and  carried 
on ; and  they  will  too  foon  be  raifed  high,  if 
fome  proper  regulations  are  not  made  in  time  to 
prevent  it. 

I do  not  know  that  the  nation  is  much  en- 
riched  by  the  money  our  coals  are  fold  for  in  fo- 
reign countries,  but  I know  that  the  increafe  and 
profperity  of  our  manufactures  and  commerce 
enriches  the  nation,  becaufe  our  own  productions 
are  thereby  ufed  to  the  bell  advantage,  and  our 
own  people  are  employed ; and  it  is  the  number 
of  people  well  employed  that  brings  folid  riches 
to  all  nations ; and  I apprehend  that  it  is  yet 
practicable  to  increafe  our  manufactures  confi- 
derably.  . 
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I know  certainly  that  in  many  places  our  me- 
tallic mines  are  not  worked  to  the  extent  to  which 
they  might  be  carried  on  with  profit ; but  dear 
coals  mu  ft  throw  a prodigious  damp  upon  mining, 
becaufe  the  fteam  engine  is  now  become  necefl'ary 
to  mining  at  any  confiderable  depth,  which  can- 
not be  worked  without  cheap  coals,  nor  can  they 
afford  to  manufafture  the  crude  produdtions  of 
the  mines  if  the  coals  are  too  dear. 

There  is  much  money  fent  out  of  the  nation 
for  bar  iron,  and  yet  we  have  plenty  of  materials 
at  home  for  making  iron:  And  I can  prove  to  ocu- 
lar demonftration  that  there  is  great  abundance 
of  the  richeft  iron  ores  and  iron  ftones  to  be  had 
in  Scotland  efpecially,  which  can  be  raifed  at  very 
moderate  expences,  where  coals  are  alfo  abun- 
dant and  reafonable. 

A greater  number  of  blomaries  would  increafe 
the  number  of  ufeful  manufaftures,  and  the  na- 
tional advantages  of  the  increafe  of  ufeful  manu- 
factures is  a fubjeCt  which  has  been  frequently 
explained  ; and,  therefore,  it  would  be  idle  and 
impertinent  in  me  to  proceed  any  farther,  than 
barely  to  ftate  thefe  brief  hints  relating  to  the 
connection  and  dependence  of  our  manufactures 
upon  coal.  But  I hope  to  be  pardoned  for  fay- 
ing a few  words  more  about  the  neceffity  of  en- 
couraging manufactures  with  a view  to  employ  a 
greater  number  of  hands. 
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There  are  very  loud  and  juft  complaints  of  a 
general  diflblution  of  manners,  of  thefts  and  robr- 

t 

beries,  and  of  emigrations  to  America.  It  de- 
ferves  fome  enquiry,  whether  or  not  there  is  any 
fault  in  the  police  of  the  country  ; any  public 
error  or  neglecf  which  operates  as  the  caufe  of 
thefe  evils  ? It  too  frequently  happens  that  the 
great  and  wealthy  men  of  the  world  know  very 
little  about  the  ftate  and  circumftances  of  the  in- 
duftrious  poor,  even  upon  their  owm  eftates.  Some 
of  them  never  faw  their  own  eftates,  unlefs  per- 
chance they  may  have  call  their  eye  upon  the  plan 
for  a moment ! As  I live  in  the  induftrious  part 
of  the  community,  and  live  by  induftry,  I believe 
that  there  is  often  a w^ant  of  employment.  I know 
that  great  numbers  here  in  Scotland  are  either 
forced  to  beg  or  emigrate  for  want  of  employ- 
ment, even  in  the  moft  improved  ftirring  parts  of 
the  country,  where  moft  labouring  work  is  to  be 
had  : I frequently  fee  numbers  every  day  feeking 
work  which  they  cannot  get ; and  when  I reprove 
a fturdy  beggar  for  being  idle,  he  tells  me  roundr 
]y,  that  he  cannot  get  employment. 

The  idle  of  all  ranks  and  denominations  are 
generally  more  mifchievous  than  the  bufy,  and 
their  example  has  a malignant  epidemic  influ- 
ence in  corrupting  others,  and  the  idle  poor  efpe- 
cially ; and  fuch  as  have  wafted  their  fortunes,  or 
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never  had  any,  become  the  mofl;  dangerous  and 
the  moft  deftruftive  nuifance  to  fociety. 

Now,  if  there  is  fuch  a general  want  of  em- 
ployment for  numbers  of  the  (would  be)  induf- 
trious  poor  in  the  Lowlands  of  Scotland,  where 
improvements  in  agriculture,  manufaftures,  and 
the  ufeful  arts  are  advancing  rapidly,  what  muft 
be  the  confequence  in  the  Highlands,  which,  for 
the  moft  part,  are  not  capable  of  fuch  improve- 
ments ? I'he  cafe  of  the  poor  Highlanders  is  def- 
perate  indeed ! Though  not  a Highlander  my- 
felf,  I have  been  nearly  all  over  that  country, 
where  I have  feen  fuch  fcenes  of  mifery  and  want 
as  would  foften  the  moft  obdurate  heart,  and 
draw  a tear  of  compaflion  from  the  eye  of  the 
pitying  beholder  j and  all  for  the  want  of  employ- 
ment ! 

I have  feen  near  two  hundred  people,  old  and 
-young,  in  one  glen,  where  ten  or  a dozen  were 
equal  to  all  the  real  or  poffible  bufmefs  of  the 
fpot,  which  was  not  capable  of  improvement  j 
how  then  were  the  reft  to  live  ? how  were  they 
to  procure  food,  where  nothing  could  be  done  to 
earn  it,  or  to  raife  it  where  none  could  grow  ? 
The  Highlanders  have  been  blamed  for  emigrat- 
ing to  America,  and  they  are  called  lazy ; but 
what  can  they  do  ? All  poor  people  in  all  poor 
countries  are  lazy,  merely  for  want  of  the  means 
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and  the  habits  of  induftry.  Give  them  profitable 
employment,  and  they  will  become  induflrious. 

Thoufands  of  the  Highlanders  walk  three  or 
four,  and  fome  of  them  five  or  fix  hundred  miles, 
going  and  returning,  every  harvefl,  and  work 
near  two  months  in  the  Lowlands,  and  in  Eng- 
land, to  earn  twenty  or  thirty  fhillings,  which 
go  to  eke  out  the  profligate  luxury  of  his  land- 
lord in  London  or  Edinburgh  ; and  this  they  re- 
peat every  year  : Is  this  a proof  of  their  lazinefs ! 
I’heir  country  in  general  is  not  capable  of  much 
improvement  in  agriculture,  nor  can  it  be  the 
fite  of  manufadlories  for  want  of  food.  Soma 
' little  might  be  done  at  Fort  William,  and  in 
fome  parts  of  Argylefliire,  in  woolen  manufafto- 
ries  for  coarfe  fluffs,  and  the  woods  might  be  ' 
profitably  improved  in  Rofs  and  Invernefs-fhires  j 
but  all  other  improvements,  excepting  the  fifh- 
eries,  would  require  but  few  hands.  In  the 
fifheries  only  is  there  a profpedl  of  plenty  for  all  ^ 
as  the  reward  of  induflry.  The  fifheries  will  give 
prefent  food  to  all  of  both  fexes,  and  of  all  ages, 
with  the  well  founded  hope  of  future  profit. 

But  I am  afraid  that  our  fchemes  for  the  im- 
provement of  the  fifheries,  will  mar  the  profperi- 
ty  of  them,  and  fquander  away  the  public  money 
upon  unneceffary  proje£ls.  I do  not  fee  the  ne- 
ceffity  of  beginning  with  building  towns  ; but  I 
fee  the  ntccTity  of  beginning  with  building  gra- 
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naries  and  ftoring  them.  Build  granaries  in  all 
the  proper  fituations  -which  the  herring  frequent, 
and  where  veflels  can  lie  fafe,  and  go  eafily  in  and 
out,  and  ftore  thefe  granaries  well  with  fait  and 
tree,  and  materials  for  nets  and  boats,  and  what- 
ever elfe  may  be  necefl'ary  for  taking  and  curing 
fifli.  Give  the  people  of  the  country  a little 
affiftance  at  firft  to  prepare  nets  and  boats,  to  be 
in  readinefs  by  the  time  the  herring  make  their  ap- 
pearance. Give  them  at  each  ftation  one  or  two 
experienced  filhers  from  the  north  of  Scotland, 
to  learn  them  to  make  and  bait  their  lines,  and 
to  take  and  cure  cod,  ling,  &c.  in  the  intervals  of 
the  herring  filhery,  and  I will  anfwer  for  it  that 
the  Highland  Fifhery  will  foon  be  improved  to 
give  plenty  and  happinefs  to  the  Highlands,  and 
to  be  the  glory  and  wealth  of  the  nation. 

There  are  plenty  of  men  in  the  Highlands, 
who  are  naturally  hardy  and  addided  to  the  fea. 
Teach  thefe  to  take  and  cure  all  forts  of  filh  in 
the  belt  manner,  and  give  them  fome  affiftance 
at  firfl:  to  fet  them  a-going  ; that  is,  furnilh  theni 
upon  account,  and  the  bell  fecurity  they  can  give, 
with  fait,  calks,  and  other  necelTaries,  and  they 
will  thrive. 

Of  all  the  methods  in  the  world  of  doing 
good  to  the  indullrious  poor,  there  Is  none  fo 
effedual  and  beneficial  as  aiding  their  own  exer- 
tions, and  allilling  their  efforts"  to  fupport  them- 
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felves  ; and  if  this  is  properly  done  in  the  Wefl: 
Highlands,  the  fhheries  will  be  fuccefsful,  and  the 
Highland  fifiiers,  and  fuch  as  fupply  them  with 
necefl'aries,  will  foon  build  towns  for  themfelves, 
without  any  public  aid  but  the  fruits  of  their 
own  induflry  ; and  it  is  very  necefiary  that  it 
fhould  be  fo,  becaufe  all  the, public  money 'that 
can  be  raifed  will  be  found  little  enough  to  build 
and  (lore  a fufficient  number  of  granaries,  which 
will  require  an  immenfe  fum  ; and  till  this  is 
/ done,  the  improvements  of  the  filliery  is  not  be- 
gun, although  twenty  towns  were  built.  If  you 
begin  with  building  towns,  they  will  be  peopled 
by  knaves,  idle  fchemers,  and  whilky  drinkers  ; 
not  by  fifners,  whofe  towns  are  their  veffels  or  tem- 
porary huts,  which  Highlanders  can  eredf  in  two 
hours.  The  towns  will  fruftrate  the  hopes  and 
good  intentions  of  the  public  j the  public  money 
will  be  wafted,  the  fcheme  ruined,  and  the  fifh- 
r eries  left  unimproved ; which  God  forbid  ! 

I fmcerely  wifti  that  men  in  power  may  be 
w'ifely  direfted  to  begin  and  proceed  upon  the 
beft  plan  to  improve  the  fiflieries,  for  the  relief  of 
that  miferable  country,  and  for  the  good  of  the 
community  in  general. 

There  cannot  be  a more  humane  and  benevo- 
lent aftion  than  to  relieve  thoufands  from  extreme 
want  and  mifery,  and  give  them  plenty  and  hap- 
, pinefs  ; and,  eventually,  it  muft  entail  everlafting 
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fame,  as  it  cannot  fail  of  increafing  the  glory  and 
wealth  of  the  nation,  but  by  proceeding  upon  a 
wrong  plan. 

A fuccefsful  coal  trade  at  Cape  Breton,  and, 
fuccefsful  filheries  at  Newfoundland,  and  over  all 
the  extended  coafts  of  the  Highlands  and  Ifles  of 
Scotland,  would  employ  above  a hundred  thou- 
fand  hardy  feamen,  which  would  greatly  increafe 
our  ftrength  and  revenue.  What  a glorious  pro- 
fpeft  for  a maritime  and  commercial  people, 
whofe  wealth  and  bulwark  is  the  fea ! 

It  appears  to  me  a matter  of  importance  that 
country  gentlemen  fliould  be  inftrufted  in  the 
indications  and  external  appearances  of  coal,  and 
efpecially  fuch  gentlemen  as  have  landed  proper- 
ty in  coal  countries.  I have  no  doubt  that  many 
fuch  will  be  glad  to  have  the  true  and  moll  in- 
fallible fymptoms  of  coal  pointed  out  to  them, 
and  dillinguifhed  from  the  falfe  and  doubtful. 

Some  of  the  gentlemen  whofe  eftates  lie  con- 
tiguous to  certain  coal-fields,  will  no  doubt  have 
coal  in  their  own  grounds,  and  others  will  be 
confident  they  have  coals,  whether  it  really  is  fo 
or  not,  for  it  frequently  happens  that  thofe  who 
are  wrong,  or  ought  to  doubt,  are  neverthelefs 
the  moft  confident.  I will,  therefore,  for  the  in- 
ftruflion  of  all  concerned,  make  fome  enquiries 
about  the  appearances,  of  coal,  and  I will  care- 
fully 


fully  endeavour  to  diflinguifh  the  true  and  In- 
fallible from  the  falfe  and  doubtful.  It  may  be 
faid  with  truth,  that  coal  itfelf,  in  fome  form  or 
other,  is  the  moft  Infallible  appearance  of  coal ; 
but  this  is  too  general.  I will  point  out  a few  of 
the  particular  appearances  of  it,  feveral  of  which' 
have  already  been  taken  notice  of  and  defcribed 
in  this  hillory. 

In  order  to  enter  properly  upon  this  branch  of 
enquiry,  let  us  go  back  and  look  to  the  various 
fedlions  of  the  ftrata  of  coal,  and  their  concomi- 
tant ftrata,  which  I have  already  pointed  out  in  the 
rivers  and  rivulets  of  Mid-Lothian,  &c.  and  like- 
wife  to  the  various  forts  of  ftrata  which  I have 
ftiown  to  be  the  immediate  roof  and  pavement 
of  coal.  We  fhould  alfo  go  back  and  examine 
my.  hiftory  of  the  difpofition,  bearing,  and  de- 
clivity of  the  ftrata  of  coal,  and  their  concomi- 
tants, where  it  evidently  appears  that  the  feams 
of  coal,  and  fuch  ftrata  as  accompany  them,  all 
crop  out  to  the  folid  fuperficies  of  the  globe  fome 
where  or  other. 

This  foundation  being  laid,  we  can  proceed 
upon  pretty  fure  principles  in  our  fearch  fbr  coal. 
It  being  once  underftood  that  the  one  fide  at 
leaft,  if  not  both  Tides  of  every  feam  of  coal,  rifes 
up  to  the  furface  of  the  globe,  and  crops  out 
fomewhere,  it  is  our  bufinefs  to  go  to  fuch  places 
where  the  fuperficies  of  the  ftrata  have  a chance 
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of  being  dlfcovered ; as,  for  inftance,  to  the  ri- 
vers, rivulets,  gullies,  rocks,  and  ditches,-in  fome, 
or  all  of  which,  we  may  get  a view  of  the  pre- 
vailing ftrata  of  the  country  ; and  if  they  are  of 
the  clafs  of  coal  metals,  we  are  fo  far  encouraged 
to  proceed. 

' But  I will  beg  leave  to  repeat  here  an  ob- 
fervation  which  I made  before,  viz.  that  there 
may  be,  and  certainly  are,  feveral  fpecies  of 
the  coal  metals,  or  of  fuch  as  exaftly  refemble 
thofe  that  accompany  coal,  in  feveral  places  where 
no  feams  of  coal  are  to  be  found.  Such,  for  in- 
ftance, are  feveral  varieties  of  the  white  and  of 
the  red  free-ftones,  &c. ; but,  on  the  contrary, 
the  black  and  bluifti  blaes  and  foft  coal  tills,  in 
which  there  are  frequently  found  balls  of  iron- 
ftone,  and  the  grey  bands,  or  greyilh  thin  ftrata, 
of  a flaggy  ftone,  in  the  compofition  of  which, 
and  often  between  the  beds,  there  is  found  a 
fmall  quantity  of  the  fubftance  of  coal ; thefe  are 
feldom  or  never  feen  but  in  a coal  field  or  in  a 
coal  country. 

In  working  free-ftone  quarries  in  a coal  coun- 
try, there  is  often  feen  blackilh  beds  of  a coal- 
like fubftance  between  the  ftrata  or  beds  of  ftone, 
and  there  frequently  appear  fmall  quantities  of 
real  coal  in  the  heart  of  the  ftone  when  broken. 
Thefe  fymptoms  are  not  found  between  the  beds, 
nor  upon  breaking  the  free-ftone,  in  countries 
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where  there  is  no  coal  ; and,  therefore,  where 
thefe  fymptoms  are  found,  thgy  are  fo  many  figns 
of  the  coal  neighbourhood ; but  it  is  impoihble 
■ from  thefe  alone  to  know  how  near  or  far  off  you 
are  from  a ffratum  of  coal ; and,  therefore,  it  is 
neceffary  for  us  to  proceed  a little  farther  in  our 
fearch. 

1 have  laid  it  down  as  an  eftabliflied  fadt,  that 
the  feams  or  ftrata  of  coal  rife  up  to  the  fuper- 
ficies  of  the  globe  as  well  as  all  other  flrata,  only 
they  do  not  always  pufh  up  fo  boldly  to  the  very 
furface  of  the  ground  as  many  hard  ftones  and 
•other  indurated  ftrata  are  found  to  do  ; but,  on 
account  of  the  tender  and  more  friable  texture  of 
the  coal,  the  fuperficies  of  the  flratum^  is  often 
mouldered  down,  and  lies  concealed  under  a 
thicker  or  thinner  bed  or  cover  of  clay,  gravel, 
fand,  or  earth : However,  the  fuperficies  of  the 
feam  of  coal  is  frequently  difeovered  where  the 
concealing  fubftances  which  covered  it  are  wafhed 
off  the  face  of  the  ftrata  by  rivulets,  or  are  cut 
through  by  ditches,  he.  Where  the  cover  which 
conceals  the  coal  is  wafhed  off,  or  any  way  cut 
through,  the  ftratum  of  coal  is  fometimes  laid 
bare,  fo  as  to  be  feen  diftindly,  but  more  fre- 
quently you  can  only  difeern  fome  more  obfeure 
and  imperfedt  appearances  of  the  outburft  or  crop 
of  the  coal,  fuch  as  fmall  bits  or  grains  mixed 
5suth  the  foil.  When  you  are  fearching  a ravine, 
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a rivulet,  or  gully,  and  difcover  grains  or  fmall 
bits  of  coal  in  any  part  of  the  flope,  fuch  grains 
point  out  the  feam  of  coal  to  be  higher  up  than 
where  you  Hand.  If  you  difcover  a quantity  of 
foft,  black,  foot-like  matter,  you  fhould  dig  in  it, 
•becaufe  it  is  very  qirobable  that  you  have  found 
the  crop  of  a feam  of  coal,  as  the  fuperficies  of 
fome  coal  feams  are  dilTolved  into  a foft  undiflin- 
guifhable  mafs,  refembling  black  friable  earth,  in 
which  fometimes  there  is  not  a grain  of  coal  to 
be  feen  immediately  at  the  furface  ; neverthelefs, 
if  you  dig  down  a little  in  it,  you  will  foon  dif- 
cover grains  and  bits  of  coal.  When  the  furface 
cover  of  clay,  fand,  or  earth  is  fo  thin  that  the 
fuperficies  of  the  ftrata  are  touched  in  cutting 
ditches,  and  by  the  plough,  the  outcropping  of  a 
feam  of  coal  is  in  that  cafe  frequently  difcovered 
by  grains  of  coal  of  different  fizes,  or  a quanti- 
ty of  black  footy  fluff  being  thrown  up  by  the 
fpade  or  the  plough.  Perhaps  at  firft  this  black 
matter  will  not  look  like  coal ; but  if  you  exa- 
mine it  narrowly,  and  efpecially  if  you  dig  in  it, 
you  will  foon  find  fmall  bits  of  coal,-^  though  per-- 
haps  at  firll  no  bigger  than  peafe.  In  digging 
down  for  trial  upon  a real  or  fuppofed  outburfl 
or  crop  of  a feam  of  coal,  it  is  neceffary  to  have 
fome  knowledge  of  the  declivity  of  the  ftrata-  in 
that  ground,  both  with  refped:  to  the  point  of  the 
compafs  towards  which  they  Hope,-  and  alfo  of 
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the  degree  of  declivity,  in  order  to  know  how  to 
pufli  the  cut  you  are  digging  towards  the  dip, 
otherwife  you  may  foon  cut  through  and  over- 
flioot  the  appearance  of  coal,  and^  find  nothing 
^ below  but  clay  or  rock,  or  fome  other  earthy  or 
ftony  matter,  without  the  leall;  veftigia  or  appear- 
ance of  coal. 

It  is  very  well  known  in  experience,  that  the 
crop  or  outburil  of  fome  coals  fpread  upon  the 
furface,  fometimes  to  a confiderable  dlftaiice 
from  the  real  and  folid  crop  of  the  coal  where 
the  feam  is  to  be  found  betwixt  roof  and  pave- 
ment, even  upon  level  ground  ; and  where  there 
is  lefs  or  more  declivity,  it  then  fpreads  ftill  far- 
ther from  the  folid  ftratum. 

I have  frequently  feen  the  veftigia  or  appear- 
ance of  a thick  feam  of  coal  fpread  upon  the  fur- 
face,  beneath  the  upper  foil,  twenty  or 'thirty 
yards  from  the  real  feam,  where  the  furface  of 
the  ground  had  a confiderable  declivity.  The 
fide  of  this  veftige  or  appearance  of  coal  next 
the  folid  feam,  is  fometimes  as  thick  as  the  feam 
itfelf ; but  it  gradually  wears  thinner  and  thin- 
ner as  it  recedes  or  fpreads  away  farther  from  the 
feam  ; and  it  alfo  grows  worfe  and  worfe,  or  the 
more  unlike  coal  the  farther  from  the  feam. 
The  fide  of  this  veftige,  next  the  folid  ftratum, 
chiefly  confifts  of  the  debris  or  rubbifh  of  coal 
broken  fmall.  A little  farther  from  the  feam,  it 
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confifts  of  very  fmall  grains  of  coal  mixed  with 
a black  foot-like  matter;  and  ftill  farther,  no- 
thing appears  but  footy  matter,  refembling  black 
friable  earth  or  clay,  efpecially  if  there  is  any  clay 
either  in  the  foil  or  under  it ; and,  at  the  extre- 
mity of  the  veftige,  I have  feen  it  dwindled  a- 
way  to  an  inch  or  lefs,  of  a blackifh  foft  fub- 
ftance,  like  a thin  ftratum  of  clay.  Where  the 
furface  of  the  ground  has  the  leaft  declivity,  the 
veftige  or  appearance  of  coal  is  fure  to  fpread 
downwards  from  the  feam,  be  the  Hope  of  the 
ftrata  which  way  it  will ; and  the  greater  the  de- 
clivity of  the  furface,  the  farther  down  we  may 
expert  to  find  the  extremity  of  the  veftige. 

When  a coal  crops  out  upon  level  ground,  we 
lhall  not  find  the  veftige  of  it  fpread  out  fo  far 
from  the  feam  as  upon  a declivity ; and  as  the 
veftige  is  not  fpread  out  fo  far,  neither  will  it  be 
found  fo  thin  at  the  extremity  upon  a plane  as 
upon  a declivity.  When  a ftratum  of  coal  crops 
out  upon  a plane  or  level  field,  there  is  one  re- 
mark to  be  made  concerning  the  veftige  of  it, 
which  is  different  from  the  declivity.  Upon  a 
plane,  the  veftige  of  the  coal  always  fpreads  out 
in  a right  line  forward  from  the  acclivity  or  rife 
of  the  feam  of  coal. 

But  I muft  be  more  explicit.  Let  us  fuppofe 
then  that  the  ftratum  of  coal  declines  or  dips 
with  an  eafy  flope  towards  the  fouth-eaft;  in  that 
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cafe,  the  rife  or  acclivity  of  the  feam  comes  to  be 
towards  the  north-weft,  and  in  that  cafe  the  vef* 
tige  of  the  coal  will  be  fonnd  a little  way  from 
the  folid  feam  farther  forward  towards  the  north- 
weft  ; and,  therefore,  when  a veftige  of  coal  fo 
inclining  is  found  upon  level  ground,  and  you 
have  cut  through  it,  and  found  different  foils  be- 
low, you  muft  then  turn  your  face  towards  the 
fouth-eaft,  and  dig  away  in  the  veftige,  keeping 
your  cut-dow'n  to  the  clay  or  rock,  or  w'hatever 
matter  you  find  immediately  below  the  veftige  of 
the  coal,  and  by  following  the  veftige  or  appear- 
ance of  coal  towards  the  real  dip  of  the  feam,  it 
will  not  be  long  before  you  will  find  the  folid 
feam  between  roof  and  paveriient. 

This  circumftance  of  the  veftige  or  crop  of 
the  coal  fpreading  forward  in  a line  with  the 
acclivity  of  the  feam,  makes  the  knowledge  of  the 
declivity  of  the  ftrata  in  that  place  very  necef- 
fary,  as  without  it  you  do  not  know  which  way 
to  pufti  or  advance  forward  with  your  trial  for 
the  coal,  although  you  fhould  find  a veftige  or 
lively  appearance  of  it.  But  in  finding  fome  ap- 
pearance of  coal  upon  an  inclining  plane  field, 
or  in  the  fide  of  a glen  or  dingle,  or  any  other 
defcription  of  floping  ground,  the  cafe  is  quite 
different.  'To  whatever  point  of  the  compafs  the 
dip  and  rife  of  the  ftrata  ftiould  happen  to  be, 
the  veftige  of  the  coal  is  fure  to  Aide  down  the 

Hope 


V 


215  ) 


ilope  of  the  ground,  and  we  are  fure  to  find  it 
fpread  thin  in  proportion  to  the  precipitance  of 
the  Hope,  and  the  diftance  from  the  folid  crop  of 
the  feam  of  coal.  ^ 

When  gentlemen  wilh  to  know  if  there  are 
appearances  of  coal  in  their  eftates,  they  jfhould, 
in  the  firft  place,  make  themfelves  well  acquaint- 
ed with  the  appearances  and  chara£lers  of  the 
various  ftrata  which  commonly  accompany  coal. 
The  characters  and  appearances  I have  defcribed 
above  ; And,  fecondly,  they  Ihould  make  them- 
felves acquainted  with  the  various  fymptoms  and 
indications  of  a feam  of  coal,  which  I have  now 
under  confideration.  When  they  have  acquired 
thefe  two  branches  of  knowledge,  their  bufinefs 
is  to  walk  up  and  down,  and  carefully  to  examine 
all  the  ravines,  gullies,  rivulets,  fears,  and  ditches 
in  their  eftates,  with  fuch  rocks  and  , precipices 
and  other  places  where  the  fuperficies  of  the 
ftrata  may  be  feen. 

I have  faid  above,  and  I know  it  to  be  truth, 
that  there  are  few  amufements  more  pleafant,  en- 
tertaining, and  agreeable,  perhaps  there  are  none 
that  foothe,  enlarge,  and  elevate  the  mind  like 
refearches  of  this  kind.  It  is  in  thefe  feenes 
that  we  difeover  what  the  folid  fuperficies  of  our 
globe  is  compofed  of,  and  how  it  is  formed ; 
and  the  variety  which  we  behold,  and  the  dif- 
coveries  which  we  make,  are  a never-failing 
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fource  of  pleafure  and  entertainment  to  an  inqui- 
fitive  and  intelligent  mind  ; and  it  is  in  thefe 
broken  fcenes  of  nature  that  we  have  the  greateft 
chance  of  making  mineral  difcoveries  of  various 
kinds,  and  particularly  difcoveries  of  coals  and 
quarries. 

Sometimes  the  crop  and  bearing  of  ftrata  of 
coal  run  parallel  to  one  of  thefe  ravines  or  gullies 
for  a confiderable  length  of  ground,  and  fome- 
times  they  crofs  the  glen  or  dingle  in  a right  or  a 
diagonal  direftion.  When  a ftratum  of  coal 
erodes  a glen  in  any  angle  whatever,  there  is  a . 
probability  of  difeovering  the  crop  of  the  feam  or 
fome  indications  of  it,  either  in  the  bed  of  the  ri- 
vulet or  upon  one  fide  of  it. 

It  is  not  uncommon,  in  fome  places  in  coal 
countries,  ta  find  the  fuperficies  of  the  ftrata 
waflied  clean  by  a river  or  rivulet  in  Jiatu  quo, 
that  is,  to  find  the  feam  or  ftratum  of  coal  in  its 
proper  regular  pofition  in  the  folid  fuperficies  of 
the  ftrata,  at  full  thicknefs  and  in  perfe£t  form  be- 
twixt roof  and  pavement,  dipping  towards  the 
fame  point  with  the  ordinary  declivity  of  the 
ftrata  in  that  place ; but  It  is  more  common  to 
difeover  in  fuch  places  only  fome  appearances  of 
coal,  which  frequently  require  knowledge  and 
acutenefs  to  difeern,  with  fkill  and  judgment  to 
make  a proper  ufe  of  the  difeovery. 
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I have  all  along  in  this  hiflory' inculcated  this' 
neceflity  of  Ibme  proficiency  in  the  natural  hif- 
tory  of  the  various  flrata  which  compofe  the 
flruclure  of  the  fuperficies  of  our  globe,  in  orr 
der  to  qualify  us  for  refearches  of  this  kind.  ' 

It  is  necelfary  for  us  in  the  prefent  cafe  t-o 
have  fome  knowledge  of  the  bearing  and  decli- 
vity of  the  flrata,  in  the  place  where  any  indi- 
cations of  coal  are  found,  before,  we  can  form 
any  judgment  of  the  difcovery,  and  know  how  to 
make  a proper  ufe  of  it. 

When  a feam  of  coal  runs  parallel  to  a glen  or 
gully,  and  crops  out  any  where  within  the  banks 
upon  one  fide  'or  the  other,  there  is  a great 
chance  of  difcovering  fome  indications  of  the 
coal,  perhaps  in  feveral  places  as  you  advance  up 
or  down  the  glen. 

I have  fhown  already,  that  the  outburft,  or  fu- 
perficial  veftigia  of  a ftratum  of  coal,  upon  a flope, 
is  always  found  to  Aide  downwards,  and  that  the 
longer  and  more  precipitate  the  flope  is,  the  far-/ 
ther  down  the  veflige  will  Aide  when  the  crop  of 
the  feam  happens  to  be  high  up.  I have  alfo 
fhown,  that  the  extremity  of  the  veflige  of  a coal 
feam  at  the  furface  is  fometimes  diflblved  into  a 
foft  footy  fubflance,  hardly  diflinguifhable  from 
a thin  flratum  of  black  clay  or  earth  ; however, 
the  fuperficies  of  all  coal  feams'  are  not  fo  liable 
to  be  diflblved  to  that  degree.  The  debris  of 
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fome  of  the  fplent  and  cannel  coals  frequently' 
remain  in  hard  and  fharp  maffes  of  various  fizes, 
even  when  mixt  with  the  foil,  and  removed  at 
fome  diftance  from  the  folid  crop  of  the  feam ; 
and  fome  of  the  cherry  coals,  or  roch  coals,  as 
they  are  called  in  Scotland,  do  not  diffolve  upon 
the  furface  into  an  undiilinguilhable  -mafs  like  a 
friable  clay ; but,  on  the  contrary,  although  the 
debris,  or  coal  rubbifli,  at  the  furface  fhould  be 
broken  very  fmall,  yet  there  will  be  found  fome 
lharp  angular  grains  and  bits  of  coal,  of  the  fize 
of  peafe,  nuts,  and  plumbs.  In  places  where 
feams  of  coal  crop  out,  fome  appearance  of  the 
coal  will  be  feen  by  an  obferving  fkilful  eye  in 
fuch  glens  as  we  have  been  fpeaking  of.  Some- 
times malfes  of  fplent  or  parrot,  (i.  e.  cannel 
coal),  larger  than  a man^s  fill,  will  be  found  upon 
the  fide  or  at  the  bottom  of  a ravine,  which  have 
nipt  down  by  degrees  from  the  crop  of  a feam 
of  coal  fituated  above,  and  fometimes  fmaller  bits 
like  the  thumb,  or  lefs  ; but  when  the  feam  hap- 
pens to  be  a cherry  coal,  the  debris  or  veftige 
of  the  coal  which  has  flipt  down,  is  then  a great 
deal  fmaller,  very  often  like  duft,  and  part  of  it 
in  fmall  diflinguifliable  grains,  though  perhaps 
no  bigger  than  peafe. 

From  thefe  enquiries  it  appears,  that  the  vefti- 
gia  and  appearances  of  the  outburft  or  crops  of 

different 


different  feams  of  coal  are  of  three  forts  ; 17?, 
Pretty  large  maffes  of  hard  coal,  not  fo  apt  to  dif- 
folve  when  expofed  to  the  influence  of  the  exter- 
nal air  : 27,  Smaller  mafles  and  grains  of  cherry 
coal  of  a diced  or  cubic  form,  which  is  frequent- 
ly mixt  with  a foot-like  coal  dull: : And,  37, 
Coal  dull,  without  any  vffible  grains  and  maf- 
fes, fometimes  refembling  foot,  and  fometimes 
hardly  diftinguifhable  from  a blackifh  or  dark 
brown  friable  earth.  One  or  other  of  thefe  vef- 
tigia  or  appearances  of^coal  are  frequently  to  be 
found  mixt  with  the  upper  foil  upon  the  fide  or 
at  the  bottom  of  a glen  or  gully.  Sometimes 
they  are  to  be  found  appearing  under  the  upper 
foil  upon  the  face  of  the  rock  in  fome  break  or 
fear. 

When  any  of  thefe  appearances  are  difeovered 
within  the  banks  of  a ravine  or  glen,  the  firft 
thing  to  be  done  is  to  go  to  a place  where  the 
fuperficies  of  the  ftrata  are  to  be  feen  in  the  fame 
glen,  and  to  examine  the  points  of  the  compafs 
towards  which  the  ftrata  trend,  and  incline  or 
dip ; and  when  thefe  points  are  afeertained,  you 
will  be  enabled  to  know  whether  the  ftrata  run 
parallel  to,  or  crofs  the  glen,  where  the  appear- 
ance is  found.  If  the  bearing  of  the  ftrata  is 
either  parallel,  or  nearly  parallel  to  the  trending 
of  the  fides  of  the  glen,  you  can  eaftly  difeover 
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the  feam  of  coal,  by  digging-fmall  pits  at  a proper 
cliftdnce  from  one  another,  cutting  through  the 
veftigia  of  coal,  and  in  a line  up  the  Hope  ; and 
if  the  laft  of  thefe,  that  is,  the  upmoll,  Ihould 
happen  to  have  no  veftige  of  coal,  it  is  very  pro- 
bable that  you  have  overfhot  the  feain,  and  in 
that  cafe  you  muft  go  back  to  the  next  pitting  in 
■^.vhich  the  appearance  of  coal  was  found,  and  dig 
a crofs  cut  in  a line  upwards,  and  you  cannot 
fail  to  cut  the  furface  or  crop  of  the  feam  of  coal, 
if  you  dig  to  the  face  of  the  rock  or  folid  ftrata. 
Tf  the  bearing  of  the  ftratd  crolfes  the  glen, 
either  at  right  angles  or  in  a diagonal  direction, 
your  digging  then  muft  be  direfted  acrofs  the 
courfe  and  bearing  of  the  ftrata  ; and  perhaps  in 
this  cafe  it  may  be  more  proper  to  dig  a trench, 
in  a line  from  the  place  where  the  veftige  of  coal 
is  found,  than  to  make  pittings;  the  trench  to  run 
ncrofs  the  bearing  of  the  ftrata;  but  of  this  thofe 
who  are  upon  the  fpot  muft  .judge  which  method 
pf  trial  is  b#,  as  circumftances  vary  confiderably 

' .in  different  places.  • ' ^ 

■ But  it  frequently  happens  that  the  fuperficies 
of  the  ftrata  are  not  to  be  feen  in  feveral  places, 
in  many  glens  the  face  of  the  folids  being  often 
poncealed^under  a deep  or  thick  cover  of  gravel 

fand  or  clay.  • 

It  is  very  common  in  a coal  country  to  find 

banks  or  beds  of  fmall  gravel,  and  likevvife  beds 
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of  fand  and  clay,  mixt  with  finall  rhaffes  of  coal 
of  various  fizes,  which  indeed  is  an  indication  of 
your  being  in  a coal  country  ; but  fuch  bits  of 
coal  fo  found  are  no  indication  of  a feam  of  coal 
in  this  place  ; neverthelefs,  a feam,  or  feams,  of 
coal  may  be  there,  but  the  bits  of  coal  lodged  in 
the  banks  of  fand  or  clay  are  not  the  veftigia  of 
them,  as  thefe  mafles  of  coal  were  carried  there 
when  the  reft  of  the  fand  or  clay  with  which 
they  are  blended  was  lodged  there  by  water ; and, 
therefore,  it  is  neceflary,  when  you  find  fmall 
mafles  and  grains  of  coal,  to  be  able  to  judge 
whether  they  are  mixt  with  the  natural  foil,  or 
in  adventitious  beds  or  banks  of  gravel,  fand,  or 
clay.  If  amongft  adventitious  matter,  you  need 
not  dig,  unlefs  you  have  fome  other  more  certain 
Indications  of  a feam  of  coal  being  near. 

Of  all  the  beds  and  banks  of  adventitious  mat- 
ter which  are  found  above  and  conceal  the  fuper- ' 
ficies  of  the  folid  ftrata  from  our  view,  clay  is  the^ 
moft  common  in  coal  countries ; though  it  fre- 
quently happens  that  we  have__to  dig  through 
fand  or  gravel  in  finking  coal-pits j yet  we  more 
frequently  fink  through  clay  ; and  of  all  the  fpe- 
cies  of  clay,  a ftrong,  hard,  and  dry  clay,  mixt 
with  lefs  or  more  of  fand,  gravel,  or  ftones,  is 
the  moft  common  in  coal-fields.  When  this  fpe- 
ties  of  clay  is  blended  with  boulders  and  bullets, 
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with  fome  gravel  and  fand,  it  is  frequently  very 
ftrong  and  dry,  and  almoft  as  hard  as  a rock. — 
In  fome  places  this  fpecies  of  compounded  cover 
' clay  contains  fpecimens  of  all  the  ftrata  found 
m the  neighbourhood ; and  when  it  is  of  this 
fort,  which  may  be  called  a general  compofi- 
tion,  it  is  frequently  a very  curious  and  a very 
confufed  mafs  of  indigefted  matter.  Grains, 
malTes,  and  fragments  of  every  fpecies,  quality, 
and  colour  of  the  ftrata  to  be  found  in  that  coun- 
try, are  promifcuoufly  blended  in  this  heteroge- 
neous fpecies  of  clay. 

I have  in  the  third  part  of  this  work  invefti- 
gated  and  explained  the  natural  hiftory  of  thefe 
compound  clays,  and  of  the  beds  and  hillocks  of 
fand  and  gravel  found  in  fo  many  places  upon  the 
furface  of  the  earth,  and,  therefore,  I will  not 
lofe  time  here  in  repeating  what  I have  faid  elfe- 
' where. 

There  are  in  fome  places  vaft  beds  and  banks 
of  thefe  compounded  clays,  which  cover  and  ef- 
fectually conceal  the  fuperficies  of  the  ftrata  for 
a confiderable  extent ; fometimes  over  the  whole 
face  of  an  extenfive  neighbourhood,  excepting 
where  it  happens  to  be  cut  through  by  a ftrong 
current  of  water ; but  it  is  fometimes  fo  hard 
that  the  ftrongeft  currents  are  not  able  to  wear  it 
through.  I have  in  many  places  feen  this  fpecies 
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of  clay  from  a yard  up  to  thirty  or  forty  yards 
deep,  and  more,  above,  the  rock  or  fuperficies  of 
the  ftrata  ; and,  as  I hinted  above,  it  frequently 
contains  fpecimens  of  the  coals,  and  of  all  other 
ftrata  found  in  the  neighbourhood.  I have  often 
feen  fuch  a quantity  of  larger  and  fmaller  malfes 
of  coal  blended  in  this  fort  of  clay  in  fome 
particular  places,  as  might  deceive  many,  and 
make  them  imagine  that  it  was  the  veftigia  of 
the  crop  of  a feam  of  coal.  I know  that  many 
do  imagine  it,  and  I have  no  doubt  that  feveral 
will  be  induced,  from  the  quantity  and  variety  of 
bits  of  coal  found  in  different  places  in  this  clay, 
to  make  fome  trial  in  it ; and  for  fuch  as  are  not 
very  well  acquainted  with  this  compofition,  per- 
haps it  would  be  wrong  to  diffuade  them  altoge- 
ther from  digging  a little  in  it,  becaufe  it  is  in 
fome  inftances  pretty  difficult  to  diftinguiffi  be- 
tween the  veftige  of  the  crop  of  a feam  of  coal, 
and  a neft  of  bits  and  grains  of  coal  blended  in 
the  compound  clay  ; efpecially  when  we  confider 
and  know  that  a real  outburft^of  the  crop  of  a 
coal  is  frequently  mixt  with  clay  at  the  furface  of  , 
the  ground  ; and,  therefore,  when  appearances 
are  fo  doubtful  that  a gentleman  cannot  readily 
diftinguiffi  with  certainty  whether  the  maffes  and 
grains  of  coal  which  he  beholds  are  the  veftigia 
of  a feam  or  adventitious,  it  may  be  proper  for 
him  to  dig  a little.  If  the  appearance  of  coal, 
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upon  which  he  is  going  to  make  foine  little  trials 
is  adventitious,  and  belonging  to  the  compound 
clays,  the  fymptoms  will  not  alter  much  upon 
digging  in  it,  there  being  fometimes  a great  depth 
of  this  clay  above  the  fuperficies  of  the  folid 
ftrata,  and,  therefore,  he  will  not  find  any  mate- 
rial change  in  digging.  He  will  find  no  appear- 
ance- of  any  difcovery ; there  is  nothing  but  the 
fame  compounded  clay  continuing  with  adventi- 
tious grains^  and  malfes  of  coal  in  it ; which  coal 
is  part  of  the  compofitiony  and  the  whole  mafs  of 
the  clay,  as  well  as  the  coal,  is  adventitious. 

I hinted  before,  that  it  is  the  charafter  of 
fome  beds  of  this  clay  to  be  compounded  of  fpe- 
cimens  of  all  the  neighbouring  ftrata ; and  in 
faft  thefe  fpecimens,  and  the  whole  of  this  com- 
pofition,  was  torn  off  the  fuperficies  of  the  ftrata 
by  water,  foon  after  they  were  formed,  before  in- 
duration was  complete ; and  the  matter  fo  torn 
off  was  carried  forward  a little  by  the  weight 
and  force  of  thofe  high  tides  ; and  when  the  tides 
began  to  abate,  and  fall  lower  and  weaker,  thefe 
beds  of  clay  were  left  as  we  find ‘them  when  the 
weight  and  force  of  the  water  failed. 

The  numerous  hillocks  and  extenfive  beds  of 
gravel  which  we  behold  in  fo  many  places  upon 
the  face  of  the  earth,  have  the  fame  origin. — 
Thofe  gravel  beds  and  banks  are  alfo  a compofi- 
tion  of  various  fpecies  of  fuch  ftrata  as  were  in- 
durated. 
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durated,  and  they  were  likewife  torn  off  the  rocks, 
and  after  being  rolled  in  the  waters  until  all  the 
afperities  and  lharp  angles  were  worn  off,  the 
whole  was  lodged  as  we  find  it. 

As  feveral  of  thefe  beds  of  compound  clay 
contain  fpecimens  of  all  the  ftrata  of  the  neigh- 
bourhood, which  is  an  evident  fadt,  eafily  proved 
by  comparing  the  fpecimens  with  the  ftrata  from 
which  they  were  broken  off  j and  as  coal  is  a 
part  of  this  compofition,  I give  this  as  another 
^fymptom  or  indication  of  coal,  which  may  be 
called  an  infallible  one.  I cannot,  it  is  true,  by 
feeing  this  fymptom  of  coal,  pretend  to  fay  there 
is  a feam  of  coal  within  fo  many  yards,  nor  with- 
in fo  many  hundred  yards : I have  neverthelefs 
no  difficulty  to  affert  that  there  is  coal  in  the 
neighbourhood  where  this  compounded  clay  ap- 
pears with  maffes  and  grains  of  coal  in  the  com- 
pofition. 

^ I have  been  thus  explicit  in  pointing  oiit  the 
difference  between  fmall  maffes  of  coal  difco- 
vered  in  the  compound  clay,  and  the  real  vef- 
tigia  of  the  crop  of  a feam  of  coal,  for  the  in- 
formation of  fuch  as  cannot  yet  perfectly  diftin- 
guiffi  the  one  from  the  other. 

After  this  explanation  of  the  origin,  appear- 
ance, and  component  parts  of  thefe  beds  of  cover 
clay  which  fo  frequently  conceal  the  fuperficies 

VOL.  I.  F f 'of 


( 226  ) 


of  the  flrata  from  our  view,  I hope  that  all  gen- 
tlemen, even  fuch  as  are  not  adepts  in  this  fcience, 
will  be  able  to  dillinguifh  between  fmall  maffes 
or  bits  of  coal  found  in  thefe  beds  of  clay,  and 
fuch  as  belong  to  the  real  outburll  or  crop  of  a 
feam  of  coal ; and  in  cafes  where  they  are  not 
certain  at  firft,  and  refolve  to  dig,  they  will  foon 
be  able  to  diftinguilh  between  the  vellige  of  the 
crop  of  a feam,  which  is  generally  continued, 
and  increafes  from  the  firll  difcovery  until  we  find 
the  crop  of  the  feam  betwixt  roof  and  pavement  j 
whereas  the  bits  found  blended  in  the  compound 
clay  are  generally  detached  from  one  another, 
are  imbedded  in  a vail  mafs'of  clay,  without  any 
continued  ftratum  or  veftigia  which  might  lead 
to  a feam  of  coal ; and,  therefore,  when  gentle- 
men are  fatisfied  that  they  are  digging  in  a bed 
of  this  fpecies  of  clay,  it  will  be  needlefs  for  them 
to  proceed,  there  being  no  hopes  of  making  any 
difcovery  in  it. 

There  is  one  circumfiance  yet  to  be  remarked. 
The  maffes  and  bits  found  in  the  compound  clay 
are  generally  hard,  clear,  and  perfect ; whereas  the 
bits  found  in  the  veftigia  of  the  crop  of  a feam 
of  coal  have  frequently  a decayed  imperfedl  ap- 
pearance, fometimes  quite  difcompofed  or  dilfol- 
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ved  into  dull,  refembling  foot  or  black  earth  j 
and  where  there  are  fmall  maffes  of  coal,  they 
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are  generally  tender  and  friable,  and  blended 
with  different  quantities  of  diffolved  coal  duft,  ex- 
cepting in  the  cafe  of  the  feam  of  coal  containing 
a ftratum  of  hard  parrot  or  of  hard  fplent,  as 
thefe  fometimes  produce  pretty  large  maffes, 
which  are  found  fliden  down  the  Hope,  or  fcattered 
about  the  furface,  at  a confiderable  diflance  from 
the  crop  of  the  feam  of  coal.  Thefe  larger  maf- 
fes frequently  appear  in  confiderable  degrees  of 
perfeftion,  without  any  other  veftige  of  coal,  at  a 
jdiftance  from  the  feam,  though  other  vefUgia 
may  be  found  nearer  to  it.  Maffes  of  canncl 
and  hard  fplent  coals  bear  tumbling  about,  and 
they  bem  the  external  influence  and  changes  of 
the  air  without  injury  as  well  as  fome  ftones  5 
but  all  the  cherry  coals,  roch  coals,  and  fome  of 
the  fplents,  difcompofe  at  the  furface,  and'  fall 
either  to  dufl  or  to  fmall  grains,  and  it  frequent- 
ly happens  that  fome  parts  of  the  fame  flratum 
of  coal  diffolves  to  powder,  and  other  parts  of  it 
fell  down  to  fmall  debris,  or  to  grains  and  bits 
of  various  fizes;  and  thefe  are  found  blended  to- 
gether either  upon  the  furface  of  the  ground  or 
under  the  cover  clay,  or  other  matter. 

I obferved  before  that  the  vefligia  or  appear- 
ance of  coal  is  fometimes  fo  near  the  furface  as 
to  be  difcovered  by  the  fpade  and  by  the  plough ; '■ 

and  I have  frequently  feen  fmall  bits  or  grains  of 
coal  mixt  with  the  mold  call  up  by  the  mole, 
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when  the  fuperficies  of  the  ftrata  happened  to  rife 
to  the  furfacc  of  the  ground  j but  when  bits  or 
grains  of  coal  are  call  up  by  the  plough  or  by  the 
mole,  it  Ihould  be  confidered  and  judged  whether 
fuch  grains  of  coal  are  adventitious,  or  belong  to 
the  veftige  and  crop  of  a feam. 

Coal  has  been  laid  down  in  a vaft  number  of 
places  upon  the.  face  of  the  earth  for  burning 
lime  and  bricks,  and  for  many  other  purpofes, 
and  a quantity  of  the  fmall  debris  of  it  will  re- 
main ; and,  moreover,  where  coal  is  burnt  for 
common  fuel,  a quantity  of  the  debris  of  it  is 
carried  out  with  the  alhes  and  fpread  over  the 
fields.  In  thefe  cafes,  bits  and  grains  of  adyen- 
titious  coal  will  appear  after  the  plough,  and  in 
the  mole  hillocks,  where  no  feam  is  to  be  found, 
which  circumftance  ought  to  be  well  confidered 
before  gentlemen  are  too  fanguine  in  their  expec- 
tations. “ 

I have  already  advifed  gentlemen  to  examine 
well  the  glens  and  rivulets,  and  all  other  places 
where  the  fuperficies  of  the  llrata  may  be  feen, 
which  are  likely  places  for  difcovering  ftrata  of 
coal.  - . . - 

It  generally  happens  in  all  coal  fields  or  coal 
countries,  that  the  fuperficies  or  outburfi  of  a 
great  number  of  feams  of  coal  are  to  be  feen  in 
fuch  places,  which  I know  for  certain  from  my 
' ‘ ' own 
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own  obfervation  and  experience ; but  of  all  the 
places  where  coals  are  difcovered,  new,,  made 
ditches  are  the  moft  remarkable ; however,  it 
mufl:  be  noted,  that  no  mineral  difcoveries  of  any 
kind  can  be  made  in  ditches,  by  forming  roads, 
nor  by  any  other  fuperficial  methods  of  digging, 
where  a thick  bed  of  clay  or  a bed  of  gravel  or 
fand  covers  the  fuperficies  of  the  ftrata,  but  where 
the  rock  or  ftrata  come  up  fo  high  as  to  be  found 
immediately  below  the  upper  foil,  or  under  a 
very  thin  bed  of  furface  clay,  the  veftigia  of  coal 
are  frequently  thrown  up  by  ditching.  I have 
very  often  feen  three  or  four,  or  half  a dozen 
crops  or  veftigia  of  feams  of  coal  appearing  in  the 
ditches  which  were  newly  made  to  enclofe  a field 
of  ground. 

I need  not  obferv'e  here  that  the  fymptorns  or 
indications  of  coal  appear  in  ditches  by  black 
ftrokes  acrofs  the  dyke  or  bank  thrown  up  out 
of  the  ditch,  which  ftrokes  or  ftripes  are  fome- 
times  difcernible  at  a confiderable  diftance. 

When  ditches  are  cut  acrofs  the  crop  of  a 
feam  of  coal,  they  throw  up  a quantity  of  black  ' 
matter  upon  the  top  of  'the  dyke,  w'hich  general- 
ly appears  obvious  ; but  the  veftigia  of  coal  fo 
thrown  up  is  not  always  diftinguilhable  at  firft 
fight  from  the  veftigia  or  crop  of  blaes,  and  all 
the  black  coal  tills.  The  qne  is  generally  as 
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black  as  the  other  to  appearance,  and,  therefore, 
circumftances  mufl:  be  well  examined. 

If  a quantity  of  black  argillaceous  matter  is 
dug  through  and  thrown  up,  without  any  bits  or 
grains  of  coal  appearing  in  it  upon  examination, 
then  it  may  be  concluded  that  you  have  onlj’  cut 
through  blaes  or  fome  fpecies  of  black  coal  till ; 
but  if  any  bits  or  grains  of  coal  are  found,  fome 
trial  Ihould  be  made  by  digging. 

I hinted  before,  that  the  extremity  of  the  vef- 
tigia  of  a feam  of  coal  is  fometimes  no  better  in 
appearance  than  an  inch  or  two  of  black  clay  or 
earth.  When  fuch  a faint  and  obfcure  appear- 
ance is  found  in  cutting  ditches,  it  fliould  be  nar- 
rowly infpeded,  to  fee  if  any  fymptoms  of  coal 
can  be  found  in  it,  fuch  as  fmall  grains  of  coal, 
or  if  it  be  of  a friable  quality  and  appearance, 
like  wet  coal  duft.  In  this  doubtful  cafe  you 
fhould  dig  a little  in  it,  following  the  veftige  to- 
wards the  acclivity,  if  the  ground  is  doping,  but 
if  it  is  a perfed  plane,  towards  the  ftrongeft  fide 
of  the  veftige ; and  if  a feam  of  coal  crops  out 
there,  and  if  you  are  digging  towards  it,  the  vef- 
tigia  of  the  coal  will  encreafe,  and  grow  more 
and  more  like  coal  as  you  advance  towards  the 
feam,  and  grains  of  coal  will  appear,  which  will 
encourage  you  to  go  on  with  your  trial. 

But  the  veftigia  of  coal  difcovered  in  cutting 
ditches  are  not  always  fo  obfcure.  It  is  very  com- 
mon 
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mon  for  a quantity  of  coal  to  be  thrown  up  with  ^ 
the  fpade,  which  may  be  feen  in  grains  and  fmall 
malfes  upon  the  top  of  the  dyke,  efpecially  after 
a (hower  of  rain  j and  it  fometimes  happens  that 
the  crop  of  the  coal  is  fo  near  the  furface  of  the 
ground,  that  they  cut  through  the  real  fuperfi- 
eies  of  the  feam  in  the  ditch,  and  throw  up  the 
fmall  coal  with  the  fpade  in  great  abundance. 

When  the  veftigia  of  a feam  of  coal  is  once  dif-  . 
covered  in  a ditch,  or  in  any  other  place  or  fitua- 
tion,  it  may  be  proper  to  make  fuch  trials  upon 
it,  by  pitting  towards  the  dip,  or  by  following 
the  veftigia  with  a trench,  as  will  trace  the  feam 
under  cover  in  folid  metals,  or  until  the  proprie-^ 
tor  is  fatisfied.  No  .true  judgment  can  be  form- 
ed of  the  thicknefs  and  quality  of  a ftratum  of 
coal,  until  it  is  found  under  the  cover  of  folid 
metals,  that  is,  until  you  have  it  within  the  folid 
ftrata,  and  between  roof  and  pavement.  When 
you  have  purfued  the  veftige  of  a coal  until  you 
have  it  within  the  folid  ftrata,  with  a folid  regu- 
lar roof  above  the  coal,  and  a folid  and  regular 
pavement  below  it,  you  can  then  judge  of  its 
thicknefs,  as  it  feldom  alters  much  in  thicknefs 
when  you  go  farther  down  in  it,  and  you  can 
fometimes  judge  of  its  quality.  . When  you  have 
a regular  roof  and  pavement,  you  can  judge  of 
fome  of  the  charadleriftic  qualities  of  your  coal ; 
you  can  then  fee  whether  it  is  clean  or  foul  coal, 
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that  is,  whether  the  coal  is  pure,  and  free  of  he- 
terogeneous matter,  or  if  it  is  mixt  and  blended 
with  pyrites,  done,  or  argillaceous  matter ; or  if 
there  are  beds  of  done,  blaes,  &c.  running  in 
the  middle  of  the  feam  of  coal,  and  fo  dividing 
it  into  two  or  more  drata : and  fometimes  you 
can  judge  pretty  near  the  crop  or  furface  whether 
it  will  be  a hard  or  foft  coal,  and  if  it  will  prove 
a good  burning  coal  or  not ; though  you  cannot 
always  judge  of  thefe  lad  mentioned  qualities  fo 
near  the  furface,  as  fome  coals,  which  appear  foft, 
tender  and  ufelefs,  when  but  a few  fathoms  be- 
low the  furface,  improve  wonderfully  in  drength 
and  quality  at  a greater  depth,  when  under  a great 
weight  of  fuper-incumbent  drata.  Some  feams 
of  coal  appear  and  burn  pretty  well  when  fird 
found  between  roof  and  pavement,  and  others  are 
good  for  nothing  fo  near  the  furface,  and  not  fit 
for  ufe  until  they  are  under  many  fathoms  of  fo- 
lid  cover.  This  is  very  well  known  in  experience, 
and  generally  the  deeper  down  the  better. 

Of  all  branches  of  bufmefs ; of  all  the  experi- 
ments that  a man  of  fenfibility  can  be  employed 
in  or  attend  to,  there  is  perhaps  none  fo  amufing, 
fo  engaging,  and  delightful,  as  a fuccefsful  trial 
i)pon  the  vedigia  or  appearance  of  a feam  of  coalj 
or  other  mineral  difcoveries. 

When  you  are  attending  the  people  who  are 
, digging  down  or  forward  upon  the  vedige  of  the^ 
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coal,  and  that  the  Indications  are  increafmg  and 
ftill  growing  better  under  your  eye,  the  fpirit  of 
curiofity  and  attention  is  awakened,  and  all  the 
powers  of  expe£lation  are  elevated  in  pleafmg 
hopes  of  fuccefs  ; and  when  your  willies  are 
crow'ned  with  fuccefs,  when  you  have  difcovered 
a good  coal  of  fufficient  thicknefs,  and  that  all 
circumftances  are  favourable,  the  heart  then  tri- 
umphs in  the  accomplifhment  of  its  wilhes  with 
folid  and  fatisfadory  joy.  There  is  more  rational 
delight,  more  fubftantial  pleafure  and  happinefs, 
to  be  enjoyed  in  fuch  fcenes  as  this, than  in  all  the 
celebrated  amufements  which  luxury  invents  and 
purfues. 

I imagine  and  hope  that  I have  been  fg  explicit 
in  pointing  out  the  appearances  of  coal  upon  the 
furface  of  the  ground,  and  of  the  method  of  im- 
proving fuch  appearances,  that  jany  gentleman 
who  difcovers  fuch  appearances  in  his  eftate,  will 
be  able,  with  his  own  fervants  or  labourers,  to 
make  fuch  trials  as  will  fatisfy  him  as  to  the  exif- 
tence  of  a feam  of  coal,  and  of  what  thicknefs  it 
is  ; and  it  will  enable  him  to  guefs  its  quality, 
without  fending  for  men  of  Ikill  in  this  firll  ex- 
periment. 

In  my  account  of  the  external  appearances  and 
indications  of  coal,  I have  faid  nothing  about  the 
Petroleum  and  Ochre,  which  are  faid  to  ilTue  out 
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from  coal,  about  which  a great  coil  is  made  by 
many  who  fmagine  that  they  underftand  thefe 
matters ; and  I have  purpofely  avoided  faying  any 
thing  about  them  as  indications  of  coal,  for  a very 
good  reafon,  viz.  becaufe  I would  not  wifh  to  de- 
ceive. Thefe  at  beft  are:  but  vague  and  uncer- 
tain fymptoms  of  coal,  and  in  moft  places  where 
they  abound,  they  are  no  fymptoms  at  all. 

The  petroleum  is  an  oily  inflammable  fub- 
flance,  found  upon  the  furface  of  the  earth,  which 
in  many  places  ilfues  out  of  the  rocks,  from  peat 
bogs,  and  from  putrified  vegetables,  in  a thoufand 
places  where  coal  is  not  to  be  found;  and  ochre  is 
compofed  of  earthy  ferruginous  particles,  carried 
by  water  from  mineral  bodies,  and  lodged  or 
left  by  the  water  in  various  lituations  and  quan- 
tities, and  both  of  them  frequently  a hundred 
miles  from  coal,  'Why  then  Ihould  we  attend  to, 
or  have  any  thing  to  do  with  fymptoms  fo  very 
uncertain  as  thefe  ? Some  fpecies  of  petroleum 
may  have  a near  relation  to  coal,  and  under  cer- 
tain circumftances,  for  any  thing  I know  to  the 
contrary,  coal  may  produce  fome  little  of  it,  but 
I am  confident  that  it  does  not  produce  ochre. 
The  petroleum  is  not  only  to  be  found  upon  the 
furface,  but  alfo  it  appears  to  me  to  be  an 
univerfal  oil,  prefent  in  lefler  or  greater  quantity, 
and  under  fome  form  or  other,  in  all  folTiIe  bodies, 
and  fo  plentifully  diifufed  in  the  atinofphere,  and 
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through  all  the  foils,  as  to  be  one  of  the  chief 
principles  and  component  parts  of  all  plants.  It 
is  evidently  combined  with,  or  Infufed  in  feveral 
rocks  and  ftrata,  which  compofe  the  fuperficies . 
of  the  globe.  Many  of  the  coal  blaes,  and  of  the 
thin  flate-formed  argillaceous  ftrata  of  the  coal 
metals,  contain  it  in  fuch  quantity  as  to  produce 
a flrong  flame  when  put  in  the  fire ; and  fome 
of  them,  when  fire  Is  applied  to  the  fide  of  a 
large  parcel,  will  burn  throughout  of  themfelves 
without  the  alTiflance  of  any  other  fuel;  as,  for 
inflance,  at  Pitfirran  In  Fife,  where  feveral  large 
heaps  have  been  burnt,  and  where  the  whole 
mafs  or  heap  grows  red  hot  throughout ; but 
the  fire  neither  confumes  any  of  the  quantity  or 
bulk,  nor  does  it  produce  any  afhes ; and  after 
the  fire  goes  out  of  itfelf,  the  blaes  affume  a pale 
red  colour,  and  are  fo  much  harder  than  before 
as  to  make  good  materials  for  private  roads.  Pe- 
troleum is  likewife  well  known  to  be  diffufed  in 
lefler  or  greater  quantities  through  the  body  of 
all  lime-flone  ; and  it  is  often  found  lodged  in 
its  cavities,  fometimes  of  the  colour  and  confif- 
tence  of  bafillcum  ointment  of  the  apothecaries, 
which  I have  feen  at  the  Camp  lime-quarries  and 
at  Dechmont  lime-quarry,  the  one  to  the  eaft, 
and  the  other  to  the  well  of  Mid-Galder  in  Scotr 
Und. 
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I have  frequently  feen  thinly  ftratified  lime- 
flone  near  a hundred  miles  from  coal  or  coal  me- 
tals, containing  fo  great  a quantity  of  this  natural 
oil,  as  to  produce  a ftrong  flame  when  put  in  the 
fire,  and  the  oil  could  be  feen  oozing  out  in  the 
fire,  though  the  flone  was  hard,  and  made  a good 
produce  of  excellent  lime  when  burnt  for  that 
pUrpofe.  I have  alfo  feen  many  black,  fliivery, 
and  flate- formed  or  laminated  ftrata  of  the  moun- 
tain fchiftus,  that  is,  fuch  as  are  every  way  fo- 
reign from,  and  fituated  at  a great  diftance  from 
the  coal  metals,  produce  neverthelefs  a ftrong 
flame  in  the  fire ; and  I have  feen,  very  far  from 
coal,  beds  of  black  hard  ftoney  matter  breaking 
or  naturally  feparating  into  fmall  angular  malfes, 
fo  plentifully  impregnated  with  this  oil  as  to  emit 
a ftrong  flame  when  put  in  the  fire. 

Now,  from  all  thefe  obfervations  and  fa£ts,  and 
many  more  which  might  be  produced,  it  is  abun- 
dantly evident  that  this  foflile  oil  is  univerfally 
diffufed  through  all  fubftances  within  the  fuper- 
ficies  of  our  globe,  and  upon  the  furface  of  the 
- earth,  and  is  perhaps  a conftituent  part  in  the 
compofition  of  almoft  all  bodies,  though  in  wide-- 
ly  different  degrees,  combinations,  and  forms. 

I am  aware  that  fome  will  grant  me  that  the 
petroleum  or  natural  oil  is'  found  in  many  foffile 
bodies,  upon  the  face  of  the  earth,  yet,  neverthe- 
lefs, that  coal  is  the  chief  repofitory  of  it. 
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Many  gentlemen  are  of  opinion,  that  the  flow- 
ing of  the  petroleum  is  the  principal,  if  not  the 
foie  original  caufe,  or  the  producer  and  nouriflier 
of  coal ; and  thefe  gentlemen  argue  thus,  and  fay. 

That  the  hypothefis  appears  highly  probable, 
‘ as  it  is  a well  known  fadt  that  different  coals 
‘ are  better  and  worfe  in  various  degrees ; fome 
‘ of  them  being  very  good,  fome  indifferent  good, 
‘ and  others  worfe,  very  bad,  and  imperfedt. — 
‘ May  w'e  not  fuppofe,  fay  they,  that  all  thefe  have 
^ ‘ arrived  at  different  degrees  of  maturity ; that 
'■  ‘ the  worft  are  yet  far  from  being  ripe  ; but  that 
‘ they  will  all  come  to  perfedlion  in  the  courfe 
I ‘ of  a very  long  time?” 

This  theory,  which  makes'  coal  to  be  now  a 
progreflive  work  of  nature,  may  appear  to  fome 
plaufible  ; it  is,  however,  very  liable  to  weighty 
objections. 

A fcam  of  coal -is  an  original  ftratum,  which 
keeps  its  flation  as  regularly  as  any  of  thofe 
placed  above  and  below  it.  Of  this  truth  I have 
fhewii  abundance  of  inftances,  to  which  I refer. 

Now,  if  a feam  of  coal  is  an  original  ftratum, 
the  matter  of  it  muft  have  been  colledted,  and 
the  ftratum  of  coal  formed  when  the  fuperincum- 
bent  ftrata  and  thofe  below  it  were  formed.  This 
is  necelTary  In  the  nature  of  things,  becaufs  new 
ftrata  cannot  now  be  inferted  among  the  original 
ftrata. 
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This  account  of  the  matter  will  not  agree  with 
the  fuppofed  progreffive  formation,  and  yet  this 
is  a well  known  fadl,  obvious  to  the  mofli  com- 
mon obfervation ; and,  moreover,  the  impurities 
of  bad  coals,  that  is,  the  heterogeneous  matter 
found  blended  in  the  different  feams  of  bad  coal, 
are  real  foffile  and  mineral  fubflances,  fuch  as 
pyrites,  iron-done,  free-done,  and  feveral  forts  of 
argillaceous  matter,  which  will  keep  their  dations 
where  they  are  j and,  of  confequence,  fuch  coals 
as  contain  thefe  heterogeneous  fubdances,  mud 
for  ever  remain  as  imperfecl  as  they  now  are ; and, 
therefore,  we  mud  give  the  coal  a more  ancient 
date  in  the  annals  of  natural  hidory  ; and  we 
mud  alfo  allow  it  another  origin,  or  natural  im- 
mediate caufe,  though  the  petroleum,  for  any 
thing  I know,  may  in  part  be  the  remote  origin 
of  it. 

Coal  has  very  obvious  and  driking  appear- 
ances of  being  compofed  of  vegetable  fubdances. 
I have  frequently  feen  evidently  the  grain  and 
other  characters  of  wood  in  feveral  coals  ; and 
in  fome  enquiries  and  difquifitions  in  another 
place,  viz.  in  my  natural  hidory  of  the  drata  and 
rocks  in  general  which  compofe  the  druCture  of 
the  fuperficies  of  our  globe,  I have  made  it  evi- 
dently appear,  even  to  a demondration,  that  the 
antediluvian  timber  was  the  original  of  coal. 
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It  will  appear  highly  probable,  from  what  is  faid 
in  that  hilbory,  that  the  gteateft  part  of  the  an- 
tediluvian earth  was  covered  with  a tall  and  luxu- 
riant  growth  of  timber,  and  it  is  eafy  to  conceive 
that  fo  many  millions  of  acres  of  tall  timber  formed 
into  coal,  would  produce  a very  great  quantity  of 
that  valuable  foflile;  and  in  this  refpe£l  the  elFed: 
and  the  caufe  exaftly  correfpond  to  one  another ; 
the  quantity  and  variety  of  coals  found  within  the 
fuperficies  of  the  earth,  feems  to  tally  with  the 
immenfe  quantity  of  timber  which  produced  it. 

I am  not  the  only  perfon  who  has  feen  and  ob- 
ferved  the  appearance  and  charadlers  of  timber 
in  coal.  Several  other  gentlemen  who  are  con- 
verfant  in  thefe  matters,  have  allured  me,  that 
they  have  not  only  frequently  feen  evident  marks 
and  indications  of  the  grain  of  timber  in  coal,  - 
but  that  they  have  alfo  feen  confiderable  pieces  of 
whole  timber,  which,  though  black  as  coal,  yet 
not  fo  diflblved  and  altered  as  to  lofe  the  original 
form  and  grain  of  a round  piece  of  timber. 

From  every  fituation  and  circumftance  relating 
to  the  flrata  of  coal,  and  of  the  other  feveral 
llrata  w^hich  accompany  coal,  it  is  abundantly 
evident  that  they  were  all  formed  by  the  agency 
of  water,  as  well  as  the  reft  of  the  fuperficies  of 
our  globe  j which  fubjecl  I have  clearly  explain- 
ed in  another  place  ; -and,  therefore,  it  follow^s,  by 
a natural  and  necelfary  inference,  that  the  ftrata 
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of  coal,  and  of  all  the  coal  field,  were  formed  at 
the  fame  time  as  the  other  fuperficies  of  the  globe, 
though  this  time  comprehended  the  continuation 
of  days,  weeks,  and  months ; and  it  appears  to 
me  that  the  ftrata  of  coal  and  of  the  coal  field 
were  among  the  laft  that  were  formed ; which 
circumftance  I hinted  at  before. 

All  the  beds  or  feams  of  coal  are  equally  well 
ftratified  with  the  other  concomitant  ftrata  of  the 
coal  field,  and  the  ftrata  of  coal  are  in  every  re- 
fped  fully  as  regular  as  any  other  fpecies  of  ftrata 
found  above  or  below  the  coal  j which  fubjed  I 
have  alfo  explained  above  ; and  befides  thefe  ge- 
neral characters  of  ftratification  which  feams  of 
\ 

coal  have  in  common  with  the  other  ftrata  of  the 
field,  a great  many  feams  of  coal  exhibit,  more- 
over, fuch  internal  marks  and  charafters  of  ftra- 
tification, as  clearly  point  them  out  to  the  curfory 
obferver  to  have  been  formed  by  the  motion  or 
Sowing  of  water.  ' 

It  is  very  common  to  fee  the  conftru^lure  of 
many  feams  of  coal  compofed  throughout  of  a 
great  number  of  thin  and  very  regular  layers  or 
ftrata  of  coal,  which  feams  of  coal  in  appearance, 
and  in  reality,  are  of  a laminated  ftrudure.  Some 
of  thefe  laminated  feams  of  coal  are  compofed  of 
a great  number  of  thin  ftrata  of  nearly  the  fame 
quality  and' texture,  and  other  feams  contain 
ftrata  or  lajnina  of  two  or  three  different  fpecies 
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of  coal.  And  again,  fome  of  them  contain  a con- 
llderable  number  of  fpecies  and  varieties  of  coal 

in  the  fame  individual  feam  or  ftratum ; and 

« 

thefe  feveral  varieties  of  coal  of  different  appear- 
ance, quality,  and  texture,  are  all  difpofed  in  very 
regular  flrata  or  laminae,  lying  one  above  ano- 
ther in  the  fame  ftratum  of  coal.  We  com-' 
monly  find  in  one  feam  of  coal  a ftratum  of 
fplent  and  a ftratum  of  cherry  coal,  and  fome- 
times  we  find  ftrata  of  fplent,  cherry  coal,  roch 
coal,  parrot,  and  of  run  fplent  in  the  fame  feam. 
There  is  a thick  ftratum  of  coal  among  the  edge 
feams  of  Gilmerton,  Loanhead,  &c.  in  Mid-Lo- 
thian, called  the  Great  Seam,  which  contains  coals ' 
of  feveral  different  qualities  and  varieties,  fuch  as 
fplent  coal,  roch  coal,  run  fplent  coal,  a ftratum 
of  fine  parrot,  or  cannel  coal,  of  excellent  quali- 
ty, and  a ftratum  of  coarfe  parrot  of  inferior 
quality ; and  there  are  in  the  fame  great  feam  va- 
rieties of  the  roch  coals  and  of  the  run  fpleats  ; 
fo  that  this  individual  ftratum  contains  a confi- 
derable  number  and  variety  of  coals  of  different 
appearance,  quality,  and  texture  ; and  this  varie- 
ty of  coals  -is  found  in  the  great  feam  in  all  the 
different  places  where  it  has  been  worked,  in  a 
diftahce  of  feveral  miles  in  length  upon  the  bear- 
ing of  the  coal. 
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Having  mentioned  many  different  forts  of  coal, 
it  may  be  proper  to  give  a fhort  hiflory  of  the 
feveral  known  fpecies  of  coal  in  a regular  feries. 

There  are  at  lead  fix  different  fpecies  of  pit 
coal,  fuch  as, 

ly?,  Caking  coal,  of  a fat  bituminous  or  refi- 
Tious  quality  which  melts  in  the  fire,  and  then 
runs  together  into  one  mafs  when  thoroughly 
heated,  and  burns  to  a cinder  with  a thick  fuli- 
ginous fmoke  ; but  the  beft  varieties  of  it  pro- 
duce very  little  allies. 

This  fpecies  of  coal  is  commonly  of  a fine 
black  clear  colour,  of  confiderable  brightnefs 
when  newly  worked,  and  remarkably  clean  and 
pure,  though  not  without  exceptions,  being  in 
fome  places  debafed  with  clay,  pyrites,  and  other 
foul  admixtures. 

There  are  feveral  varieties  of  this  fpecies  of 
coal.  One  of  them  is  called  cherry  coal,  which 
is  of  a cubical  or  diced  ftrudlufe,  the  moll  tender 
and  brittle  of  all  coals,  which  generally  breaks 
fmall-in  working  and  carriage,  but  the  fmallefl: 
coal  duff  of  it  cakes  or  runs  together  in  the  fire 
to  a flrong  and  pretty  hard  cinder  when  it  is  tho- 
roughly heated,  and  even  before  it  is  all  quite 
red  hot.  Some  varieties  of  thefe  fat  coals  exhibit 
no  regular  form  or  ftrufture,  but  are  run  together 
in  the  ftratum  to  a general  confufed  mafs^  with- 
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out  any  appearance  of  latninse  or  other  determi- 
nate figures.  Some  of  thefe  are  foft  and  eafily 
worked,  and  produce  raoftly  fmall  coals,  and 
others  of  them  are  more  hard,'fl;rong,  and  folid, 
and  yield  great  coals  in  working  ; but  none  of  . ' 
thefe  are  quite  fo  hard, as  ,fome  other  fpecies  of 
coal. 

Northumberland,  and  other  parts  of  the  north 
of  England,  are  famous  for  producing  abundance 
of  this  fpecies  of  coal,  great  quantities  of  which 
are  fhipped  at  Newcaftle  and  Sunderland,  and  it 
is  commonly  known  by  the  name  of  Newcaftle 
coal. 

This  fpecies  of  coal  is  not  quite  fo  common  in 
Scotland  as  the  north  of  England.  The  greateft 
quantity  and  beft  quality  as  yet  difcovered  in 
Scotland,  is  at  Balmule,  near  Dunfermline,  in 
the  county  of  Fife,  where  the  feams  or  ftrata  of 
coal  are  of  good  thicknefs  ; and  they  will,  in  the 
courfe  of  time,  become  of  great  value,  when  this 
fpecies  of  coal  is  all  worked  to  a great  depth 
in  the  north  of  England.  There  are  feveral 
feams  at  Balmule  of  excellent  quality,  which 

t 

ftretch  longitudinally  through  a confiderable 
length  of  country,  efpecially  towards  the  north^ 
eaft.  There  is  alfo  pretty  good  caking  coal  at 
Pitfirran,  and  other  places  in  the  neighbour^ 
hood  of  Dunfermline ; and  in  other  parts  of  Scot- 
■ ’ • ' land, 
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land,  but  not  in  fuch  abundance  as  in  the  north 
of  England. 

id^  The  fecond  fpecies  I fliall  take  notice  of  is 
called  rough,  roch,  or  rock  coal,  which  is  a free 
coal  of  various  degrees  of  ftrength  and  hardnefs, 
commonly  of  a good  black  colour,  though  not  fo 
bright  and  glofly  as  the  Newcaflle  coal. 

Moll  of  the  varieties  of  this  fpexies  burn  to  a 
good  cinder,  though  they  do  not  cake,  run  toge- 
ther, nor  cohere  in  the  fire  ; but  they  frequently 
produce  more  afhes  than  the  Newcaflle  coal, 
though  not  all  of  them.  Some  of  the  varieties 
of  the  roch  coals  are  as  pure  and  as  free  of  he- 
terogeneous mixtures  as  any  coal  whatfoever  ; 
and  thefe  pure  roch  coals  produce  very  little 
allies,  and  are  in  fadl  the  bell  of  all  coals  for  cu- 
linary ufes,  making  a flrong,  clear,  and  opeq 
fife. 

' There  are  many  varieties  of  the  roch  coals. 
Some  of  them  are  finely  flratified,  the  feam  of 
coal  appearing  to  be  compofed  of  numbers  of  thin 
and  regular  flrata  or  beds,  lying  one  above  ano- 
ther, and  flrongly  cemented  together,  and  broken 
tranfverfely  into  irregular  fquare  maffes  of  no 
determinate  fize  or  figure. 

Some  varieties  of  thefe  coals  approach  to  a 
cubical  or  diced,  form,  which  are  called  cherry 
poals,  although  they  want  the  caking  quality. 

Thefe 
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Thefe  are  generally  foft,  brittle,  and  eafily  work- 
ed, and  break  final  1 in  working  and  carriage. 
Some  of  the  roch  coals  are  run  together  into  a 
hard  ftrong  mafs,  which  appears  of  a flat  or  ho- 
rizontal texture,  but  without  any  diftind  ilrata 
or  laminae  in  the  coal  wall  or  ftratum. 

In  fliort,  the  form  and  texture  of  the  varieties 
of  the  roch  coals  are  fo  numerous,  that  it  would 
be  tedious  to  enumerate  them  all.  Many  of  thefe 
coals  are  very  hard  and  ftrong,  producing  large 
mafles  or  great  coals  in  working,  which  ft  and 
carriage  well.  Such  of  thefe  coals  as  do  not 
burn  to  a good  cinder  are  debafed  by  a confider- 
able  proportion  of  fome  earthy  matter,  which 
caufes  them  to  produce  a great  quantity  of  alhes, 
and  this  great  proportion  of  alhes  preyents  or 
fpoils  the  cinders. 

Great  abundance  of  this  fpecies  of  coal  is  found 
in  the  counties  of  Edinburgh,  Linlithgow,  Fife, 
Stirling,  Lanark,  and  other  parts  of  Scotland, 
and  likewife  in  Shropfhire  and  feveral  other  parts 
of  England. 

I 

3if,  Stone  coal,  or  fplent  coal,  which  is  of  a 
laminated  or  flaty  ftrufture,  burning  freely  with  a 
ftrong  flame  and  much  finoke,  and  producing 
lefs  or  more  alhes  in  proportion  to  the  purity  or 
debated  quality  of  the  coal. 
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This  fpecies  of  coal  is  remarkably  hard  and 
flrong,  and  difficult  to  break  acrofs  the  bed  of 
the  flrata,  excepting  at  the  natural  tranfverfe 
cutters,  but  it  cleaves  or  fplits  eafily  into  thin 
broad  flags  like  boards,  which  kindle  almofl  as 
readily  and  burn  as  freely  as  fir  dales.  No  foffile 
bodies  of  confiderable  bulk  are^  more  regularly 
llratified  than  fplent  coals.  Some  varieties  of  this 
fpecies  are  very  light  and  pure,  from  which 
a 'natural  oil  fometimes  oozes  out  in  the  fire, 
and  thefe  burn  fiercely  with  much  flame  and  ■ 
fmoke,  but  they  produce  very  little  affies.  Some 
of  thefe  burn  with  fuch  a clear  ftrong  flame  as  to 
give  a light  equal  to  that  of  a number  of  candles ; 
and  the  country  people  in  many  places  ufe  no 
other  light  in  the  w^inter  nights.  Other  varieties 
of  it  are  more  flony,  hard,  and  ponderous,  which 
produce  much  affies,  and  fome  of  them  are  fo 
foul  as  to  leave  a white  flaty  mafs  in  the  fire, 
which  will  not  burn  down  to  allies. 

One  variety  of  this  coal  is  by  Scots  colliers 
very  properly  called  run  fplent.  This  variety  is 
of  a more  clear  and  glofly  black  colour  than  moft 
of  this  fpecies,  which  is  of  a more  dufky  black 
than  moil  of  the  other  coals. 

Many  of  the  run  fplents  exhibit  a mixed  tex- 
ture, being,  partly  laminated  and  partly  uniform, 
like  broken  pitch,  and  fome  of  them  are  laminat- 
ed 
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cd  throughout  the  whole  ftratum ; but  they  all 
appear  to  be  of  a mixed  quality,  and  the  ftrata  or 
laminse  are  fo  run  and  cemented  together,  that  " 
they  will  not  fplit  afunder  fo  eafily  nor  fo  com- 
pletely as  the  perfedl  fplents. 

All  the  run  fplents  are  certainly  of  a mixed 
quality,  fome  of  them  being  compofed  of  about 
half  and  half  of  the  fecond  and  third  fpecies,  and 
fome  of  them  of  the  fame  proportions  of  the  firft 
and  third ; and,  as  a proof  of  this  mixture,  the 
laft  partakes  of  the  caking  quality  of  the  firft  fpe- 
cies in  fo  confiderable  a degree  as  to  run  toge- 
ther in  the  fire,  and  to  produce  excellent  cinders 
in  burning,  whereas  the  pure  fplents  burn  to 
afhes. 

All  the  run  fplents  are  amongft  the  bell  coals 
in  the  world  for  culinary  and  all  domeftic  ufes. 
The  fplent  or  ftone  coals  are  very  common  in 
the  Lothians,  Fife,  Ayrfhire,  and  all  the  other 
coal  countries  of  Scotland,  and  in  fome  parts  of 
England. 

Cannel  coal,  or  parrot  coal,  which  is  of  a 
good  black  colour,  and  of  a fine,  fmooth,  folid, 
uniform  texture,  confiderably  hard,  and  breaking 
in  any  diredion.  When  this  fpecies  of  coal  ia 
clean  and  free  of  heterogeneous  mixtures,  it  is 
pretty  light,  makes  a chearful  fire,  with  a ftrong 
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flame  and  but  little  fmoke ; and  it  burns  to  a lefs 
or  greater  quantity  of  allies  in  proportion  to  the 
good  or  bad  quality  of  the  coal. 

Some  of  the  bell  varieties  of  this  coal  are  fo 
fine  and  folid  as  to  be  often  turned  and  other- 
wife  formed  into  many  forts  of  utenfils  and  trin- 
kets, which  bear  a good  polilh — but  they  are 
more  beautiful  than  durable ; however,  the  coal 
is  fo  fine  and  clean  as  not  in  the  leall  to  llain  the 
hands  nor  the  cloaths  when  made  into  toys. 

This  fpecies  of  coal  is  very  common  in  the 
county  of  Edinburgh,  and  in  many  other  parts  of 
Scotland  and  England. 

^th.  Culm,  or  blind  coal,  which  is  of  a fine 
clear,  glolTy,  black  colour,  and  of  a bright  metal- 
lic appearance.  ' 

This  is  a very  fingular  fpecies  of  coal,  which 
emits  neither  fmoke  nor  flame  in  burning.  It  is 
not  very  eafily  kindled,  but  when  thoroughly 
ignited,  it  burns  a long  time  with  a clear,  ftrong, 
glowing  heat,  like  charcoal,  being  very  durable, 
and  without  the  leall  fmoke  or  flame  from  the 
bell  varieties  of  it ; but  it  emits  a ftrong,  difa- 
greeable,  fuffocating  effluvia  when  burning. 

This  coal  is  very  free  and  tender,  and  gene- 
nerally  breaks  fmall  in  working  and  carriage ; 
but  it  has  nothing  of  the  caking  quality,  nor  does 

it 
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it  burn  to  a cake  or  cinder,  nor  produce  much 
afhesi 

It  is  very  remarkable,  that  when  a quantity  of 
culm  has  been  all  on  fire  in  a grate  or  furnace, 
and  after  every  particle  of  it  has  been  burning 
with  a clear  glowing  heat,  when  the  fire  is  either 
extinguiflied  or  allowed  to  go  out  of  itfelf,  what 
little  culm  remains  in  the  grate  or  furnace  has 
no  marks  of  fire  on  it.  Even  the  furfaces  of  the 
fmall  bits  which  remain  unconfirmed,  retain  the 
fame  glofly  black  colour,  the  fame  texture  and 
bright  appearance  as  before,  and  partly  of  fome 
other  fpecies  of  flaming  coals, 

6//^,  Jet,  which  is  a peculiar  fpecies  of  coal,  is  of 
a fine  bright  black  colour,  remarkably  clean  and 
light,  of  a fmooth  and  folid  texture,  and  bearing 
an  elegant  polifh ; and,  therefore,  much  ufed  in 
making  fnuff-boxes  and  other  trinkets. 

Jet  has  a near  refemblance  of  the  finer  varie- 
ties of  cannel  coal,  excepting  that  the  cannel  coal 
has  an  uniform  texture,  without  any  vifible  grain, 
and  breaks  in  any  direction  with  equal  eafe ; 
whereas  jet  has  the  apparent  grain  and  ftrufture 
of  wood,  not  readily  breaking  acrofs,  but  it 
cleaves  eafily  lengthways  like  the  fplent  coals. 

Jet  is  found  in  England,  and  in  other  parts  of 
the  world,  in  detached  feparate  maffes  of  various 
fizes  lodged  in  other  ftrata,  and  likeways  in  clay 
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pits  and  in  other  loofe  matter,  lying  above  the 
fuperficies  of  the  folid  ftrata ; but  as  I do  not 
know  of  any  regular  ftrata  of  jet  being  as  yet 
difcovered  any  where,  it  cannot  properly  be  in- 
cluded in  a natural  hiltory  of  the  ftrata  of  coal. 

However,  the  natural  hiftory  of  jet  leads  me  to 
imagine  that  there  are  ftrata  of  it  within  the 
folid  fuperficies  of  the  globe,  although  they  are 
not  yet  difcovered.  Samples  of  all  the  other 
fpecies  of  coal  are  alfo  found  in  detached  mafies 
of  various  fizes,  lodged  in  the  ftrata  of  free-ftone 
and  others,  within  the  bounds  of  the  coal  fields 
or  coal  countries,  and  likeways  in  the  beds  and 
banks  of  clay,  fand,  and  gravel ; fometimes  in 
fuch  confiderable  quantity  as  to  deceive  many, 
who  are  led  to  imagine,  from  the  abundance  of 
this  loofe  coal  which  they  fee,  that  they  have  dif- 
covered the  crop  or  furface  of  a ftratum  of  coal ; 
whereas  it  is  only  a great  quantity  of  detached 
malfes  and  particles  of  coal  blended  in  fuch  clay, 
fand,  and  gravel  as  lies  above  the  fuperficies  of 
the  folid  ftrata.  But  it  is  a certain  faft  that 
thefe  famples  of  coal  which  are  fo  found  in  de- 
tached mafies  and  particles  lodged  in  the  ftrata, 
and  in  the  banks  of  clay,  fand,  and  gravel  in  coal 
countries,  are  exactly  of  the  fame  fpecies,  tex- 
ture, and  quality  as  the  ftrata  of  coal  which  are 
found  in  the  fame  neighbourhood  as  this  loofe 
coal  j and,  moreover,  this  loofe  fcattered  coal 
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is  only  found  In  the  neighbourhood  of  coal,  or 
never  far  from  the  coal  fields  ; which  fa£t  I have 
thoroughly  inveftigated  and  explained  above. 

From  this  known  truth  in  the  natural  hiftory 
of  coal,  which  many  have,  and  every  body  may 
obferve,  I am  led  to  imagine  that  there  may  be 
regular  ftrata  of  jet  as  well  as  of  the  other  foflile 
coals : Samples  of  all  which  are  found  in  like 
fituations  and  circumftances  as  the  jet,  and  no 
doubt  they  have  the  fame  origin,  which  I have 
(hewn  above  to  be  the  fuperficies  of  the  regular 
ftrata  of  coal. 

This  account  of  the  feveral  fpecies  of  foflile 
coal  which  have  been  difcovered  hitherto,  makes 
it  evident,  I might  fay  to  a demonftration,  that 
coal  is  compofed  of  vegetable  fubftances,  and 
that  the  antediluvian  woods  is  the  real  origin  of 
it. 

The  form,  grain,  and  texture  of  timber  has 
been  fo  repeatedly  feen  and  obferved  by  ,natu- 
ralifts,  and  by  other  men  of  judgment  and  Ikill, 
in  fuch  great  quantities,  and  in  fo  many  places, 
that  the  pofition  cannot  be  denied  without  re- 
jecting the  evidence  of  the  phenomena  of  na- 
ture. 

That  wood  is  the  origin  of  coal  is  fo  plain  and 
evident  a truth,  that  we  can  almoft  trace  and 
point ' out  the  particular  fpecies  of  wood  which 

compofed 


tompofed  particular  fpecies  of  coal ; fuch  as,  for 
inftance,  we  may  fuppofe,  that  the  long-grained 
refinous  pines  and  fir  timber  are  the  principal  in- 
gredients in  the  compofition  of  our  fine  flaming 
,fplent  coal,  which,  like  the  fir  timber,  will  readi- 
ly cleave  from  end  to  end,  and  will  kindle  al- 
mofl:  as  eafily  and  burn  as  freely  as  the  refinous 
fir  timber  itfelf.  The  like  comparative  charac- 
ters and  fimilitude  might  be  found  and  pointed 
out  betM^een  other  kinds  of  wood  and  the  other 
fpecies  of  coal,  which  would  be  found  to  corre- 
fpond  with  remarkable  exadlnefs,  after  allowing 
for  the  various  mixtures  of  feveral  forts  of  wood 
in  one  ftratum  of  coal,  and  for  the  great  alteration 
the  wood  mufl;  fuffer  by  being  fo  long  agitated  in 
the  waters  of  the  deluge,  and  the  great  effefls 
which  compofition  and  mineralization  mufl:  ne- 
ceffarily  have  upon  the  appearance  and  proper- 
ties of  the  feveral  .fpecies  of  coal. 

Some  of  our  coals  indeed  are  remarkably  clean 
and  pure  for  fuch  bulky  foffiles  placed  among 
numerous  flrata  of  heterogeneous  fubflances. — 
Thefe  difcover  very  little  of  foreign  matter  in  the 
compofition  of  the  ftratum;  but,  on  the  other, 
hand,  many  of  them  are  blended  and  minerali- 
zed with  various  proportions  of  ftone,  clay,  py- 
rites, and  other  heterogeneous  matter,  which  de- 
bafes  and  fpoils  the  coals  to  fuch  a degree  that 
many  feams  are  of  an  inferior  quality,  and  fome 
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of  them  are  rendered  entirely  ufelefs.  But  as 
this  enquiry  and  inveftigation  mull  be  conjectu- 
ral, and  would  be  merely  curious,  as  it  could 
convey  no  ufeful  information,  I will  proceed  no 
farther  in  it. 

Coal  tar,  which  has  of  late  been  extraded  in 
fuch  great  quantity  from  this  valuable  foffile,  is 
another  proof  that  wood  is  the  origin  of  coal. — 
The  coal  tar  is  fo  nearly  of  the  fame  nature  and 
, quality  as  the  foreign  vegetable  tar,  that  there 
feems  to  be  no  other  difference  between  them 
than  what  mull  neceffarily  be  communicated  or 
acquired  by  the  compounded  mineralised  Hate  ' 
of  the  folTile  coal : But  I could  willi  that  this 
proof  of  the  vegetable  origin  of  coal 'had  never 
been  produced.  The  difcovery  of  coal  tar  will 
be  of  infinite  detriment  to  the  nation  in  the 
courfe  of  time. 

The  avidity  for  prefent  profit  will  prompt 
many  to  confume  the  coal  in  making  tar,  which 
our  cities,  our  populous  countries,  and  our  ma- 
nufaftories  will  foon  want.  Where  iron  works 
are  carried  on  near  the  tar  kilns,  I would  approve 
of  making  coal  tar,  becaufe,  in  that  cafe,  the  ' 
cakes  produced  by  the  kilns  are  ufed  in  a valu- 
able manufadure,  which  is  a national  benefit ; 
but  where  the  tar  and  iron  works  are  not  con- 
joined, at  leaf!  in  the  neighbourhood,  the  coal 
tar  is  a pernicious  manufadliire. 
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Let  us  now  return  to  our  enquiries  about  the 
petroleum  and  ochre.  If  all  our  coals  were  found 
in  the  concavities  of  mineral  veins,  and  not  in 
regular  ftrata,  there  would  be  fome  more  reafon 
to  fuppofe  that  coal  was  produced  by  the  conti- 
nual flowing  of  the  petroleum  or  of  folTile  oil ; 
but  where  it  really  is  found  in  regular  ftrata, 
there  is  not  the  leaft  foundation  for'^fuch  a fup- 
pofition.  It  is  not  even  poflible  in  the  nature  of 
things.  I have  feen  coal  in  the  cavities  of  mine- 
ral veins  at  Caftle  Leod,  in  the  highlands  of 
Scotland.  This  extraordinary  coal  is  lodged  in 
common  rake  veins,  or  perpendicular  mineral 
fifliires  in  the  mountain  rocks,  far  from  any 
ftrata  of  coal,  or  of  the  coal  metals.  The  veins 
at  Caftle  Leod  open  into  bellies  or  concavities  of 
diflerent  lengths  and  capacity,  and  clofe  again, 
or  check,  by  the  tides  of  the , veins  coming  to- 
gether ; and  they  have  every  chara6ter  and  de- 
fcription  common  to  good  rake  Veins,  and 'the 
coal  is  lodged  in  the  cavities  of  them,  exactly  in 
the  fame  manner  as  lead,  copper,  &:c.  are  found 
in  fuch  veins  in  other  places.  I got  fome  coal 
dug  out  of  one  of  thefe  veins,  which  I burnt  in 
the  houfe  : The  coal  was  very  foft  and  tender, 
being  very  near  the  furface  ; but  it  was  perfectly 
clean  and  bright — about  one  foot  thick  where  I 
opened  the  ground,  but  it  grew  thinner  towards 
,the  ends  of  the  belly  or  concavity  of  the  vein, 
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and  It  foon  dwindled  away  to  nothing,  and 
twitched  out  entirely  ; and  I faw  it  open  again 
in  feveral  places  in  the  bearing  of  the  vein.  This 
coal  was  exceedingly  fat,  fo  as  to  run  together 
ftrongly  in  the  fire  like  the  bed  of  the  Newcaf- 
tle  coal.  I look  upon  this  phenomenon  in  the 
natural  hiftory  of  the  mineral  kingdom  as  a 
great  curlofity.  I call  it  a phenomenon,  becaufe 
it  is  an  extraordinary  appearance  quite  out  of 
common  experience.  I did  not  know  any  thing 
about  coal  in  fuch  a fituation  and  circumftances 
until  I faw  this.  I had  never  heard  nor  ima- 
gined any  fuch  thing  until  this  offered  itfelf  to 
my  confideration.  I was  at  all  due  pains  to  in- 
veftigate  this  phenomenon  thoroughly,  fo  as  not 
to  leave  out  any  circumftance  which  fhould  be 
confidered,  and  fo  as  not  to  be  miftaken  in  any 
point. 

There  are  feveral  mineral  veins  at  Caftle  Leod 
running  parallel  to  one  another  upon  the  north- 
eaft  fide  of  a pretty  high  and  rocky  mountain  ; 
and  there  are  fome  leffer  firings  branching  out 
from  the  principal  veins. 

There  is  coal  found  in  three  or  four  of  thcfe 
veins,  part  of  which  had  been  wrought  out  of 
feveral  bellies  of  thofe  veins,* as  far  as  they  could 
go  down  for  v/ater,  before  I was  there ; and  as  I 
had  no  apparatus  for  drawing  the  water  out  of 
the  old  works,  I was  obliged  to  open  new  ground 
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farther  forward  upon  the  bearing  of  one  of  the 
veins,  out  of  which  coal  had  been  wrought. — 
When  I opened  the  ground  the  coal  was  only 
about  one  foot  thick,  and  it  only  continued  for 
a few  yards  in  length  at  that  thicknefs,  before 
it  began  to  dwindle  away  -by  degrees,  and  it  was 
foon  fqueezed  out  entirely  at  both  ends  of  this 
little  belly  ; however,  I faw  evidently,  that  fome 
of  the  bellies  or  concavities  of  the  veins,  out  of 
which  they  had  formerly  dug  fome  coal,  were 
wider  than  the  one  which  I opened.  Some  of 
them  were  up  to  three  or  four  feet  wide  between 
the  fides  of  the  veins  ; and  the  concavities,  out  of 
which  they  had  dugcoaI,were  alfo  fomewhat  longer 
than  the  one  I opened,  But  they  had  chofen 
the  bell  places  for  their  trials,  which  was  not 
difficult,  as  the  coal  was  to  be  feen  in  the  veins 
at  the  furface  of  the  ground.  I faw  coal  in  fever 
ral  places  in  the  checks  or  twitches  of  thofe  veins 
between  the  open  bellies,  not  above  one  inch  in 
thicknefs. 

The  circumffance  of  thefe  coal  veins  opening 
into  bellies,  or  concavities,  between  the  fides,  and 
twitching  again  by  the  two  fides  coming  clofe  to- 
gether, is  common  to  all  mineral  veins  of  this 
defcription,  though  the  concavities  of  the  veins 
at  Caftle  Leod  are  remarkably  fiiort ; and  the 
twitches,  or  clofe  parts,  are  alfo  ffiort,  thefe  be- 
ing a fpecies  of  piped  rake  veins  ; the  charadler 
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and  defcription  of  which  is,  that  they  open  and 
clofe  again  at  ihort  diftances  in  the  line  of  bear- 
ing, and  the  pipes  or  concavities  put  down  in 
the  dip  of  the  vein  parallel  to  one  another. 

The  coal  at  Caftle  Leod  will  not  pay  for  work- 
ing, unlefs  it  was  for  fome  very  particular -pur- 
pofe,  and  that  other  coal  could  not  be  had  with- 
out an  extravagant  price  ; but  it  would  be  a 
noble  experiment  to  put  down  to  a great  depth 
in  one  of  thefe  pipes  or  bellies  of  coal,  in  hopes 
of  finding  fome  mineral  ore.  There  is  at  leaft  a 
probability  that  the  coal  may  be  cut  out  below, 
and  fome  one  of  the  precious  or  ufeful  metals 
come  in  inftead  of  it.  • 

A change  of  the  produce  of  mineral  veins  at 
different  depths  is  not  out  of  nature  and  experi- 
ence. One  of  the  richeft  mines  of  Saxony  was 
at  firft  next  the  furface  an  iron  mine.  At  fome 
confiderable  depth  the  iron  was  cut  out  below  by 
copper.  It  was  wrought  a long  time  as  a copper 
mine,  but  at  a ftill  greater  depth  the  copper  was 
cut  out  below  by  cobalt ; and  when  they  had 
WTought  fome  time  longer  and  deeper  down,  the 
cobalt  was  laft  of  all  cut  out  below  by  filver  ore, " 
and  they  have  for  a long  time  been  working  it  as 
a rich  filver  mine.  They  have  found  a change 
of  metallic  ores  in  Germany,  befides  that  in  Sax- 
ony. 1 do  not  pretend  to  infer  from  thofe  in- 
ftances  of  the  German  mines,  that  there  is  any 
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certainty  ; but  there  is  a probability  that  fome 
valuable  metallic  ore  'would  cut  out  the  coal  at  a 
good  depth  in  the  Caftle  Leod  veins. 

I have  feen  a very  fmall  quantity  of  coal  in 
fome  other  parts  of  the  Highlands,  in  fmall  fif- 
fures  of  the  rocks,  fmce  I faw  the  above ; but  none 
to  be  compared  for  quantity  to  that  at  Caftle 
Leod. 

I faw  none  above  two  or  three  inches  thick  in 
any  other  place,  nor  of  any  continuity  to  fignify. 

There  is  coal  in  the  Ifle  of  Mull  of  a pretty 
good  thicknefs.  I have  been  told  that  it  is 
above  three  feet  thick  ; and  from  the  imperfeft 
defcriptibns  which  I could  obtain,  I fufped  it  to 
be  a vein  of  coal ; but  this  I cannot  pofitively 
affert,  as  I never  was  there,  nor  did  I ever  meet 
with  a perfon  that  had  been  there  who  had  fcience 
enough  to  diftinguifti  between  a ftratum  of  coal 
and  a vein  of  coal,  or  that  could  diftinguifti  a 
ftratum  from  a vein  of  any  fort. 

I was  a good  deal  furprized  when  I firft  faw 
the  coal  veins  at  Caftle  Leod  ; however,  upon 
weighing  the  matter,  and  examining  all  circum- 
ftances,  I was  afterwards  able  to  comprehend 
this  phenomenon.  I have  in  another  place  made 
it  evident,  that  water  was  the  agent  in  the  for- 
mation of  the  ftrata  ; that  all  the  phenomena 
which  we  behold  upon  and  within  the  fuperficies 
of  our  globe  were  produced  by  water,  and  it  was 

water 


( ^59  ) 


water  that  brought  and  poured  the  ingredients 
of  all  the  mineral  ores  into  the  cavities  of  the 
veins,  while  thofe  ingredients  were  in  a fluid 
ftate,  and  confequeutly  it  was  water  that  carried 
and  poured  the  fluid  fubftance  of  the  coal  Into 
the  veins  at  Caftle  Leod. 

I have  in  its  proper  place  fully  Inveftigated 
and  explained  thefe  fubjeds  in  a clear  and  fatls- 
fadory  manner,  where  I have  demonftrated  that 
it  was  water  alfo  that  fpread  out  the  fluid  fub- 
fiance  of  the  coal  where  it  is  found  in  regular 
flrata : But  I will  not  meddle  with  thofe  difqul- 
fitions  here,  which  I have  fully  difcufled  elfewhere. 

I think  that  I have  now  made  it  abundantly 
evident  that  coal  is  not  produced  by  the  flux  of 
petroleum,  nor  by  any  fiflitlous  caufe ; but  that 
the  flrata  of  coal  were  formed  by  water  at  the 
fame  period  of  time,  and  in  the  fame  manner,  as 
all  other  flrata  were  formed ; and  that  the  origin 
and  fource  of  the  coal  was  the  antediluvian  tim- 
ber ; and,  therefore,  it  is  neceifary  to  give  up 
that  point.  But  It  may  be  faid,  that  I cannot 
poflibly  deny,  with  any  fliadow  of  truth,  that 
coal  produces  ochre,  as  we  have.  It  may  be  faid, 
the  evidence  of  our  fenfes  for  the  truth  of  the 
pofition;  it  being  very  common  to  fee  coals  quite 
red  and  covered  all  over  with  ochre ; and  upon 
breaking  the  mafles  of  coal.  It  Is  found  lodged  in 
all  the  interfliccs,  fo  as  to  make  it  internally  red 
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as  veil  as  upon  the  outfide  ; and  it  is  pretty  well 
known  that  coal  lying  dry,  without  any  water 
about  it,  for  a coiifiderable  time  before  it  is 
■wrought,  is  the  caufe  of  this  ochry  colour,  and, 
therefore,  it  may  appear  to  many  that  coal 
produces  ochre,  when  it  is  found  fo  plentifully 
lodged  through  the  whole  niafs.  But,  however 
evident  it  may  feem  to  many,  I cannot  grant  the 
pofition,  and  therefore  it  is  incumbent  on  me  to 
refute  it.  .Water  is  the  common  vehicle  of  all 
folTile  particles  below  ground. 

I have  alferted  above  that  the  foffile  oil  is  very 
widely  diifufed,  and  I now  alfert  that  the  fources 
of  ferruginous  particles  or  ochre,  which  are 
known  to  be  iron  pyrites,  are  perhaps  as  widely 
dilFufed  through  all  foflile  bodies. 

Iron -is  found  in  lefs  or  greater  quantities  al- 
moft  every  where  upon  the  face  of  the  earth  and 
under  its  furface  ; and  it  is  commonly  very  plen- 
tiful, both  in  balls  and  llrata,  in  the  neighbour- 
hood of  coal,  and  it  is  very  well  known  that  the 
pyrites  are  very  near,  if  not  altogether  as  com- 
mon. Both  are  frequently  found  the  imme- 
diate roof  of  coal,  and  pyrites  efpecially  is  fome- 
times  found  in  various  quantities,  and  commonly 
ill  flattilh  glebes,  mixed  in  the  ftratum  of  coal 
Itfelf.  • ' 

Now,  as  thefe  ferruginous  fubftances  are  found 
imbedded  in  the  feam  of  coal,  and  very  frequent- 
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ly  In  the  roof  and  pavement  of  it,  no  doubt  cor- 
roding waters  find  it  there,  and  lodge  the  minute 
particles  of  It  In  the  interftices  of  the  coahfeam, 
where  it  appears  in  an  ochreous  ruft  when  the 
coal  has  been  laid  dry  for  fome  time. 

That  water  percolates  the  pores  and  filfures  of 
the  ftrata,  and  carries  various  particles  along  in 
its  fubterraneous  motion,  I explained  elfewhere. 
While  this  fubterraneous  water  is  excluded  from 
the  effefts  of  the  external  air,  it  continues  to 
carry  about  the  various  foflile  particles  which  are 
mixed  in  it ; but  when  it  ilfues  into  the  external 
air,  or  any  how  approaches  it,  the  quantity  of  wa- 
ter Immediately  dlminiflies  by  evaporation ; and, 
of  confequence,  the  foflile  particles  are  deferted 
and  lodged  where  the  water  left  them.  When 
a feam  of  coal  is  levelled  with  an  adit,  the  water 
is  carried  off  the  coal  by  that  drain.  The  air 
gets  admittance  into  the  works  in  great  quantity 
through  the  pits  and  mines,  and  then  a confider- 
able  portion  of  air  penetrates  the  natural  joints  or 
cutters  of  the  coal  when  it  is  laid  dry,  which 
evaporates  the  water  that  was  in  all  the  joints  or 
interftices  of  the  feam  when  it  was  firft  drained, 
and  the  ochreous  particles  that  were  combined  or 
mixed  with  the  water  are  left  behind  in  fuch 
quantity  as  to  colour  the  coal  of  a brownifli  yel- 
low red. 
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When  water  containing  ferruginous  particles 
iffues  out  of  an  artificial  adit,  or  at  any  natural 
vent,  to  the  furface  of  the  ground,  part  of  the 
water  is  immediately  diffolved  upon  its  coming 
in  conta6l  with  the  external  air,  and  carried  up 
in  fteam  or  vapour,  and  then  the  remaining  part 
of  the  water  is  not  fufliciently  abundant  to  carry 
along  all  the  particles  which  were  at  firil  brought 
out  in  it ; and,  of  confequence,  fome  is  lodged 
fediment,  and  fome  of  it  adheres  to  whatever  it 
comes  in  contact  with,  and  it  continually  accu- 
mulates, until  it  becomes  a confiderable  body  of 
ochre.  The  fame  happens  in  a leffer  degree  in 
the  interftices  of  the  feam  of  coal,  and  of  feveral 
other  fofiile  bodies  befides  coal.  I have  frequent- 
ly feen  freeTftone  and  other  ftrata  as  red  with 
ochre  as  ever  I faw  coal,  and  from  the  very  fame 
caufe,  viz.  the  ferruginous  particles,  firfl  carried, 
then  lodged,  and  afterwards  deferted  by  the 
water. 

The  water  which  fufrounds  the  ftrata,  and  pe- 
netrates all  their  pores  and  cranies,  is  plentifully 
impregnated  with  iron  in  a fluid  form,  or  with 
ochreous  particles  ; but  when  thofe  ftrata  are 
drained  by  an  adit  or  otherwife,  the  greateft  part 
of  the  water  runs  off,  and  the  remaining  part  is 
evaporated  by  the  admitted  air,  and  the  ochreous 
particles  are  left  behind,  being  deferted  by  the 
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water  which  fuftained  them,  and  they  colour  all 
the  flrata  and  every  foflile  body  they  adhere  to. 
Take  a mafs  of  cannel  or  of  fplent  coal,  which  is 
red  with  ochre,  and  break  it  where  there  is  no 
natural  joint  or  crack,  and  the  heart  or  folid  part 
of  the  mafs  will  be  found  as  black  as  any  other 
coal,  and  perfectly  free  from  the  leaft  tinge  of 
ochre,  though  the  outfide  and  all  the  joints  and 
interftices  lliould  be  quite  red  with  it, 

I have  perhaps  faid  too  much  about  thefe 
vague  and  falfe  fymptoms  of  coal.  My  apology 
for  fo  doing  is  this : I know  that  many  are  in 
danger  of  being  deceived,  and  that  many  have 
been  deceived  by  them.’  Tliere  is  much  money 
laid  out  imprudently  in  fearching  for  coal  upon 
the  foie  footing  of  one  or  other  of  thefe  fymp- 
toms. I lately  faw  and  examined  a remarka- 
ble inftance  of  each  kind.  , 

In  one  of  thefe  places  a number  of  long  mines 
had  been  driven  into  the  fides  of  the  hills  and 
glens,  and  deep  pits  had  been  funk  in  different 
places  at  great  expence,  upon  the  faith  of  the  pe- 
troleum, becaufe  a little  of  it  (a  thin  film  or  pel-  , 
licle)  was  feen  to  iffue  out  from  fome  beds  of 
fchiftus  of  the  mountain  rock,  and  becaufe  fome 
of  thofe  fhivers  would  flame  a little  in  the  fire. 

This  place  is  fituated  in  the  mountains,  at 
leaft  thirty  miles  from  coal  or  coal  metals, 'but  it 

is 


( 264  ) 


is  not  at  all  uncommon  for  the  fchiftus,  or  fuch 
platy  and  (hivery  rocks  to  be  inflammable,  from 
their  being  impregnated  with  the  folfile  oil. — 
There  is  not  in  this  place  the  lead  fymptom  in 
nature  of  coal,  nor  of  any  flirata  or  fpecies  of  rock 
that  is  found  to  accompany  coal. 

In  the  other  inilance  which  I hinted  at,  they 
had  feen  a little  ochre,  and  therefore  they  cer- 

4. 

tainly  mull  have  coal,  for  coal,  faid  they,  pro- 
duces ochre,  and  upon  this  alTurance  of  fuccefs 
they  fell  to  work  by  finking  and  boring  to  a 
confiderable  depth,  and  at  great  expence.  I 
viewed  this  place  before  they  gave  over  working, 
and  faw  nothing  round  about  them  but  grey  in- 
durated flrata  of  the  whiny  mountain'  rock, — no- 
thing that  had  the  lead  affinity  or  refemblance  to 
any  of  the  concomitants  of  coal.  Upon  exa- 
mining the  rubbifli  thrown  out  of  their  fhaft,  I 
found  that  about  one  third  of  it  was  iron  ore, 
mixt  with  a confiderable  quantity  of  iron  fpar, 
which  appeared  to  me  likewife  to  contain  iron. 
The  myftery  of  their  deception  is  thus  explained: 
The  iron  ore  produced  the  ochre  which  they  faw 
upon  the  furface,  and  the  ochre  led  them  to  fink 
their  fhaft  upon  a vein  of  iron  ore. 

Now  thefe  two  recent  inflances  are  in  point, 
and  they  are  both  eminent  inflances  of  being  de- 
ceived by  fuch  pretended  vague  appearances. 
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I have  honeftly  and  faithfully  endeavoured  to 
diftinguilh  and  point  out  the  true  and  real  ap- 
• pearances  of  coal,  and  to  overlook  or  rejed:  fuch 
as  are  falfe  or  uncertain ; and  this  I have  done 
from  the  belt  of  motives,  viz.  to  enable  fuch  as  ' 
may  be  concerned  to  chufe  the  one  and  to  re- 
jed  the  other ; and,  therefore,  if  I have  in  any 
place  been  a little  tedious  or  prolix,  I hope  to 
'Hand  excufed,  as  my  intention  is  good. 
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of  the  Natural  Hiftory  of  Mi-- 
neral  Veins,  and  other  beds 
and  repofitories  of  the  preci- 
ous and  ufeful  Metals. 


IN  this  part  we  fhall  treat,  of  mineral 

veins,  and  of  fome  of  the  other  fituations  and 
circumftances  of  the  mineral  ores  : Second,  of 
the  moft  promifing  and  certain  appearances  and 
indications  of  valuable  mines  ; and,  third,  I will 
point  out  fome  few  local  examples  of  new  min- 
ing fields,  which  deferve  to  be  explored. 

There  are  at  leall  four  diftinct  fpecies  of  mi- 
neral veins,  viz. 

iji.  The  rake  vein,  or  perpendicular  mineral 
fiflure. 

2d,  The  pipe  vein. 

'^d.  The  flat  or  dilated  vein;  and  I will  venture 
to  add  a 

/{ih.  Which  I will  call  the  accumidated  vein. 

And 
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. And  befides  thefe  four,  which  may  be  calr 
led  capital  veins,  there  are  a great  number  and 
variety  of  inferior  firings  and  branches  accom- 
panying the  principal  veins,  and  leading  to  and 
from  them  in  all  direftions. 

, I will  attempt  to  defcribe  the  principal  veins 
in  the  order  they  are  mentioned  above,  and  fome 
of  the  many  branches  which  are  found  to  accom- 
pany them. 

/ 

iji.  The  rake  vein,  called  by  naturalifls  the 
perpendicular  mineral  fiifure,  is  the  moft  com- 
mon and  bed  known  among  pradlical  miners. 
I he  rake  vein  in  mining  is  the  fame  fpecies  of 
perpendicular  fiifure  as  was  defcribed  by  the 
name  of  flip  in  the  coal  metals.  They  have  both 
the  fame  origin  and  natural  caufe,  which  will  be 
explained  in  the  third  part  of  this  work.  They  are 
both  of  them  a longitudinal  gaih,  rent,  or  open- 
ing in  the  rock  and  llrata,  commonly  running  in 
flraight  lines.  This  gaih  . or  fiifure  cuts  all  the 
ilrata  and  rock  quite  through  from  the  furface, 
as  far  down  towards  the  center  as  that  vein  dips, 
which  is  generally  out  of  our  reach,  and  as  far 
forward  in  the  line  of  bearing  as  that  vein 
reaches,  i fay  the  rake  vein  is  a longitudinal 
gaih  or  fiifure  commonly  in  a flraight  line,  which 
begins  at  the  fuperficies  of  the  ilrata,  and  cuts 
the  rock  and  ilrata  afunder,  generally  farther 
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down  than  we  can  reach.  Sometimes  this  vein 
Hands  nearly  perpendicular,  but  it  commonly 
hangs  with  lefs  or  more  flope,  which  hope  is  cal- 
led by  miners  hading^  or  the  hade  of  the  vein, 

J faid  that  the  rock  is  cut  afunder  by  this  fiffure, 
and  the  rock  upon  both  fides  of  the  gafh  is  cal- 
led the  fides  of  the  vein,  and  thefe  fides  are  cal- 
led by  miners  the  hanging  fide  and  the  ledger 
fide,  and  briefly  the  hanger  and  ledger.  Some 
miners  call  them  the  hanging  fide  and  the  hading 
fide,  and  the  longitudinal  line  which  the  fhfure 
points  to,  is  called  the  bearing  of  the  vein. 

Of  thefe  perpendicular  fiflures  or  rake  veins, 
there  are  two  fpecies.  The  origin  of  one  of  thefe, 
as  I hinted  before,  is  a crack  or  rent  and  a flip  of 
the  ftrata,  and  the  other  is  a gafh  or  chafm  in  the 
rock  without  a flip ; the  fides  of  the  gafh  are  fe- 
parated  and  opened  afunder ; but  the  edges  of  the 
ftrata  upon  both  fides  of  the  frafture,  continue 
oppofite  to  one  another,  fo  that  there  is  no  flip.- 
This  diftindtion  or  different  fpecies  of  vein  is  not 
commonly  known  among  miners  or  mine-mafters, 
as  they  are  not  accuftomed  to  examine  all  the 
phenomena  of  the  ftrata.  It  is  in  the  collieries 
that  all  thefe  things  are  carefully  examined  and 
inveftigated.  The  miner  is  careful  to  inveftigate 
every  circumftance  relating  to  his  vein,  but  is 
very  little  concerned  about  the  regularity  or  ir- 
regularity of  the  ftrata;  on  the  contrary,  the 

collier 


collier  is  chiefly  concerned  with  the  regular  ftrata, 
and  he  is  only  obliged  to  inveftigate  the  veins 
when  they  occur  to  him  as  flips  or  gafhes,  in  or- 
der to  know  how  to  get  the  better  of  them. 

I will  point  out  fome  diftinguifliing  marks  or 
ch'aradters  of  each,  to  enable  the  miner  to  know 
the  one  from  the  other  when  he  is  working  them. 
The  flip  veins  are  feldom  wider  above  than  below, 
but  are  generally  narrower,  that  is,  the  fides  of 
the  fiflures  are  clofer  together  above  at  the  fuper- 
ficies  of  the  ftrata  than  farther  down.  The  flip 
veins  are  very  fubjedt  to  checks  or  twitches,  fo 
called  by  miners,  when  the  two  fides,  or  hanger 
and  ledger,  come  clofe  together,  and  no  cavity 
or  open  fpace  is  left  between  them,  fo  that  there 
is  no  room  for  any  material  quantity  of  ore  to  be 
lodged  in  a twitch. 

There  are  many  of  thefe  checks  in  all  this  fpe- 
cies  of  rake  veins,  which  continue  for  feveral  feet 
or  for  feveral  fathoms,  and  the  cavities  or  open- 
ings between  the  feveral  twitches  are  wider  or 
narrower,  longer  or  fhorter,  at  all  poflible  uncer- 
tainty. The  fides  of  many  of  the  veins  are  very 
clofe  together  above  at  the  fuperficies  of  the 
ftrata,  which,  neverthelefs,  open  to  confiderable 
but  very  different  degrees  of  widenefs  below,  and 
thefe  openings  are  called  the  bellies  or  cavities  of 
the  vein ; and  again,  many  of  them  are  found 
regular  and  uniform,  and  carry  a good  rib  of  ore 

for 
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for  a conliderable  length  upon  the  bearing  of 
the  vein,  and  others  may  carry  fome  ore  and 
good  enough  mineral  foil  in  fmall  quantity,  and 
yet  never  open  at  all  to  do  any  good,  fo  far  as 
we  try  them.  The  galh  veins,  on  the  contrary, 
are  always  wide  above,  and  grow  narrower,  or 
the  fides  come  clofer  together  as  we  work  down 
in  them  at  fome  uncertain  depths,  and  they  often 
clofe  or  check  out  below  altogether.  The  gafh 
vein  is  not  fo  fubjed  to  twitches  in  the  line  of 
bearing  as  the  flips,  but  it  is  frequently  croflTed 
and  interfered  by  whin  dykes  or  bars  of  hard 
ftone,  which  generally  flioves  it  a little  to  one 
fide,  off  the 'true  line  of  bearing  ; and  I believe 
it  may  be  afferted  of  them,  that  they  always 
carry  moll  ore  above  pretty  near  the  furface ; 
whereas,  on  the  contrary,  the  rake  or  flip  veins 
are  generally  wideft  betwixt  the  fides,  and  carry 
mod  ore  below  at  a confiderable  depth  from  the 
furface. 

There  is  a remarkabe  mineral  vein,  of  the  fpe- 
cies  I call  a gajh,  at  Strontian  in  the  Highlands  of 
Scotland.  All  the  rocks  in  the  mining  field  at 
Strontian  are  a grey  granite,  which  is  called 
mmr-Jione  by  the  Corniih  miners. 

Several  veins  at  Strontian  were  opened,  firft 
by  the  York  Building  Company,  and  a confider- 
able quantity  of  lead  ore  was  railed  by  them.  - . 

The 
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The  principal  vein  at  Strontian  is  perhaps  the 
ftrongeft  mineral  vein  as  yet  worked  in  any  part 
of  Britain,  in  which  the  York  Building  Company 
found  a large  body  of  exceeding  good  ore  at 
firft,  putting  up  quite  to  the  day,  which  they 
worked  out  open-call,  that  is,  their  works  were 
cut  up  quite  open  to  the  day,  like  a large  longi- 
tudinal trench  or  gulph,  the  vein  being  exceed- 
ing wide,  and  they  did  not  mine  it  under  cover 
at  all.  This  open-call  has  been  worked  to  a 
great  length  upon  the  bearing,  and  the  old  works 
now  exhibit  a horrid  and  frightful  gulph  of  great 
length,  and  feveral  fathoms  wide. 

This  large  vein  or  chafm  in  the  rock  mull  have 
happened  when  the  whole  mafs  was  humid,  be- 
fore the  rock  was  thoroughly  indurated ; I fay 
rock,  becaufe  there  is  not  here  the  leall  appear- 
ance of  regular  llrata,  nor  of  any  ftratification  at 
all ; the  whole  mountain  being  one  prodigious 
mafs  of  grey  granite,  in  which  there  has  been  at 
firll  a great  many  cracks  or  galhes  befides  this 
vein,  as  may  be  feen  by  the  other  mineral  veins 
and  the  great  number  of  whin  dykes  feen  in  this 
mining  field ; which  dykes  crofs,  interfedl,  and 
dillurb  the  mineral  veins  in  many  places,  and 
are  frequently  feen  upon  the  furface ; thefe  exten- 
live  rocks  being  mollly  all  bare,  and  walhed 
clean  by  the  heavy  rains  fo  frequent  in  that  coun- 
try. 
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Tradition  fays,  that  the  York  Building  Com- 
pany had  a rich  vein  of  folid  lead  ore  here,  at  firft 
of  four  or  five  feet  wide,  quite  up  at  the  furface 
of  the  ground,  befides  feveral  feet  wide  of  ore, 
mixed  with  fpar  and  vein-ftone  ; and  the  appear- 
ance of  the  old  man,  that  is,  of  the  old  works, 
feems  to  confirm  the  truth  of  the  tradition,  the 
old  works  being  exceeding  wide  at  the  furface, 
and  for  many  fathoms  down  ; and  I can  fee  no 
reafon  for  working  fo  wide,  had  they  not  found 
the  ore  as  wide,  the  flony  parts  of  the  vein  where 
the  ore  is  not  fo  good  being  fufficiently  ftrong 
and  firm  ; and,  moreover,  we  do  not  fee  any 
great  quantities  of  wafte  or  rubbifh,  but  fuch  as 
the  walking  and  dreffing  of  the  ore  has  produced, 
which  is  a clear  proof  that  they  had  fome  ore, 
folid  or  mixed,  in  all  the  widenefs  of  the  old 
works,  which  points  it  out  to  have  been  a very 
rich  vein  at  firft. 

The  lead  ore  of  Strontian  is  of  the  fpecies 
called  potters  ore.  It  is  a fine  rich  ore  of  the 
kind,  very  free  from  any  heterogeneous  matter  of 
a pernicious  quality,  but  it  is  at  prefent  very 
much  mixed  with  a fine  white  and  pure  fpar  or 
fluor,  which  eafily  feparates  from  the  ore  in  the 
ordinary  methods  of  walking,  and  what  remains 
in  the  cleaned  or  drelfed  ore  is  found  to  ferve  as 
a flux,  and  rather  furthers  than  retards  the  fmelt- 
ing  of  the  ore. 

VOL.  I. 
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When  I was  at  Strontian  a few  years  ago, 
they  had  fome  ore  in  feveral  veins,  part  of  which 
they  worked  occafionally,  now  and  then,  and 
they  had  generally  about  three  or  four  feet  of 
pretty  good  ore  in  the  foies  of  the  works  in  the 
principal  vein,  flowered  and  mixed  with  a pure 
and  friable  fpar  or  fluor. 

Another  famous  vein  of  this  fpecies  was  work- 
ed at  Llangunog  in  Wales,  in  the  Duke  of 
Powis’s  time,  whofe  property  it  was.  Llangu- 
nog was  perhaps  the  richefl;  vein  of  lead  ore,  for 
the  time  it  iafted,  of  any  yet  difcovered  in  this 
ifland.  They  had  there  a folid  rib  for  a confider- 
able  time,  five  yards  wide,  of  clean  ore  in  the 
middle  of  the  vein,  which  was  poured  out  of  the 
kebbles  at  the  fhaft  head  into  the  waggons,  and 
carried  diredtly  to  the  fmelting  houfe,  without 
being  touched  by  the  wafliers  and  dreffers  of 
ore,  befides  feveral  feet  upon  the  fides  of  the 
vein,  which  was  mixed  with  fpar  and  other 
floney  ipatter,  and  went  through  the  hands  of 
the  walhers. 

This  rich  and  noble  vein  was  at  once  cut  out 
below  by  a bed  of  black  fchiffus  or  fliiver,  and 
that  fo  entirely,  that  there  was  not  the  leafl  fif- 
hire  or  veflige  of  the  vein  remaining,  nor  ever 
could  be  found  afterwards,  though  diligent  fearch 
was  made  by  the  mofl  fkilful  miners  for  feveral 
years,  and  at  feveral  times. 

Now, 
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Now,  I reckon  it  material  for  the  intelligent 
mine-mafter  to  know  the  diftinguifhable  diffe- 
rence between  the  gafh  and  the  flip  vein,  to  en- 
able him  to  manage  properly  in  the  cafe  of  fuch 
accidents.  When  the  flip  vein  is  in  a twitch, 
whether  it  be  horizontal  or  perpendicular,  the 
vein  will  open  again  when  they  fink  down  or 
drive  forward  through  that  twitch  ; but  it  never 
opened,  nor  no  trace  of  the  vein  could  ever  be 
found  at  Llangunog,  though  diligently  fought  at 
a very  great  expence  ; and  no  wonder  they  did 
not  find  it,  when  in  faff  it  was  not  to  be  found. 
The  crack  or  gafh  which  broke  afunder  the  har- 
der rock  above,  did  not  enter  into  the  bed  of 
fhiver  below,  and,  of  confequence,  there  was  no 
vein  or  fiffure  in  the  fchiflus  in  that  place.  The 
caufe  and  natural  hiflory  of  the  flips  and  of  the 
gafhes  in  the  ftrata  and  rock,  will  be  fully  ex- 
plained in  the  third  part  of  this  book. 

I have  feledted  Strontian  and  Llangunog  as 
eminent  inftances  of  the  diftinftion  I made  above 
between  the  gafh  and  the  flip  veins.  I have  feen 
a great  many  more,  but  I think  thofe  two  fuf- 
ficient  to  explain  my  meaning,  and  as  a hint  to 
the  intelligent  miner. 

From  what  has  been  faid  of  the  gafh,  it  ap- 
pears, that  this  fpecies  of  mineral  vein  is  eafily 
defcribed,  it  being  an  open  fiffure  in  the  rock, 
generally  running  in  a ftraight  line,  often  nearly 
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perpendicular,  as  that . at  Strontian,  and  always 
wider  above  than  below,  at  a confiderable  depth, 
if  we  go  deep  enough  to  know  it. 

The  other  fpecies  of  rake  vein,  which  I call 
the  flip,  is  not  fo  eafily  defcribed,  there  being  a 
very  great  variety  of  veins  of  that  fpecies,  and 
all  of  them  fubjeth  to  great  diverfity  of  accidents. 
I will  point  out  and  endeavour  to  defcribe  fome 
of  the  great  variety  of  the  rake  veins,  or  perpen- 
dicular mineral  fifliires,  which  I call  flips,  and  I 
will  begin  firfl:  with  the  mod  regular,  and  think 
I may  fay  the  mod  profitable  of  all  mineral 
veins. 

The  vein  which  I call  the  mod  regular,  is  one 
that  runs  in  a draight  line  to  a confiderable  (df- 
tance  upon  the  bearing,  fets  downwards  near 
the  perpendicular,  at  lead  it  fets  down  to  a confi- 
derable depth,  with  an  equal  hade  or  Hope,  has 
room  enough  between  the  fides,  which  we  will 
fuppofe  fhould  be  at  lead  between  three  and  four 
feet,  or  good  drift  room,  and  a good  regular 
vein  continues  fo  open  betwixt  the  hanger  and 
ledger  for  a great  way  forward  as  we  advance 
upon  the  line  of  bearing  in  it,  and  for  a great 
depth  as  we  fink  or  work  down  in  it  j or,  in 
other  words,  the  regular  vein  is  equally  wide  be- 
twixt fides  to  a confiderable  didance  forward 
upon  the  bearing,  and  downwards.  Some  of 
thefe  regular  veins  are  quick  and  others  dead,  as 
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♦hey  are  called  by  miners.  A quick  vein,  or  a 
bearing  vein,  is  one  that  carries  ore,  and  a dead 
vein  is  one  that  only  carries  fonie  fort,  or  forts, 
of  mineral  foil,  bitt  no  ore.  Some  of  thefe  regu- 
far  rake  veins  bear  a folid  rib  of  ore,  of  one, 
two,  or  three  feet  wide,  for  a confiderable  ftretch 
forwards  and  downwards,  and  fome  of  them  bear 
two,  three,  or  more  thin  ribs  of  ore,  of  various 
dimenlions,  from  half  an  inch  to  five  or  fix 
inches  thick,  with  fpar  or  other  mineral  matter 
iiiterpofed  between  them. 

It  is  a pleafant  and  chearful  fight  to  fee  a 
great  number  of  miners,  one  before  another,  in  a 
ftraight  line,  working  upon  ftopes,  or  fteps,  on  a 
rib  of  folid  ore,  of  two  or  three  feet  thick.  I 
have  feen  feveral  regular  veins,  or  ribs,  of  folid 
lead  ore  in  Wales,  between  three  and  four  feet 
thick,  and  which  continued  at  nearly  the  fame 
ihicknefs  for  a confiderable  time. 

One  of  the  moft  regular  and  moft  durable  of 
thefe  was  a rib  of  fleel-grained  lead  ore  at  Da- 
renfawr  in  Cardiganfhire.  I faw  at  Darenfawr 
between  twenty  and  thirty  miners  in  a row,  one 
before  another,  Hoping  upon  the  low  foies,  about 
fifty  fathoms  down  below  the  furface,  befides  as 
many,  or  more,  who  were  fumping,  driving,  and 
roofing  in  other  parts  of  the  work  upon  the 
fame  vein,  and  a great  many  more  were  at  the 
fame  time  working  upon  a firing  which  ftruck 
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off  with  an  acute  angle  from  the  principal  vein ; 
and,  as  the  foies  of  the  firing  were  nearly  upon 
a level  with  the  foies  of  the  vein,  I could  fee 
the  miners  who  were  floping  out  the  ore  in  the 
firing,  by  turning  an  acute-angled  corner  where 
the  firing  came  into  the  vein.  This  fine  rib  of 
ore  was  generally  about  three  feet  wide,  both  in 
the  vein  and  firing,  though  in  fome  places  it  was 
not  above  two  feet,  and  in  others  near  four  feet 
wide. 

Steel-grained  lead  ore  is  generally  rich  in  fil- 
ver,  and  this  at  Darenfawr  was  remarkably  fo, 
the  produce  in  filver  being  very  great. 

There  "are  in  many  parts  of  Britain,  &c.  a 
great  many  regular  veins  which  carry  no  ore  at 
all  where  they  are  tried,  and  others  of  them  car- 
ry a fmall  rib,  or  ribs,  but  fo  infignificant  as  not 
to  be  worth  working,,  though  the  ore  gave  five 
times  the  price  ; and  again,  others  produce  fmall 
detached  bits  here  and  there  as  we  advance  in 
them  not  worth  working. 

It  is  a very  common  thing  to  fee  dead  veins, 
that  is,  fuch  as  bear  no  ore  at  all,  continue  very 
promifing  and  regular  for  a great  way,  both  in 
driving  and  finking  in  them.  I have  feen  more 
than  fifty  fathoms  driven  in  fome  of  thefe  regu- 
lar veins  under  great  cover,  that  is,  under  per- 
haps twenty  or  more  fathoms  down  from  the 
furface,  where  the  mineral  veins  were  promifing, 
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and  what  we  reckon  likely  to  produce  ore,  and  . 
yet  no  ore  was  found,  or  none  to  lignify,  only  fo 
much  perhaps  as  to  Ihew  the  miners  what  fort  of 
ore  they  were  to  expeft,  and  to  tempt  them  to 
go  on,  when,  neverthelefs,  they  would  continue 
perfectly  regular,  and  the  fides  about  four  or  five 
feet  afunder  all  the  way.  I will  fpeak  hereafter 
of  the  mineral  foils,  hard  and  foft,  which  fill  up 
the  fpace  between  the  fides  of  the  dead  veins. 

There  are  again  many  regular  veins  which  are 
not  fo  wide  and  roomy  between  the  fides  as  thofe 
I have  defcribed  above.  ' 

I have  in  the  courfe  of  my  perambulations  feen 
great  numbers  of  perfectly  regular  veins,  not 
two  feet  wide,  which,  neverthelefs,  would  con- 
tinue fair  and  regular  for  a confiderable  length, 
which  I could  eafily  fee  when  they  were  wafhed 
along  the  vein  by  a rivulet,  and  where  the  rocks 
were  otherwife  made  bare.  x i' 

Some  of  thefe  regular  thin  or  clofe  veins  con- 
tain ore  at  the  fuperficies  of  the  ftrata,  and  others 
contain  none  at  the  furface.  What  they  may 
carry  farther  down  cannot  be  knowm  without 
proper  trials,  and  it  but  feldom  that  proper 
trials  are  made  in  them,  even  although  they  carry 
fome  ore  at  the  furface  where  they  are  difcover- 
ed,  the  confined  appearance  they  make  being  a 
great  difcouragement  to  the  trying  of  them.  I 
know  very  well  that  there  is  a kind  of  general 
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3,verfion,  both  among  {kilful  miners  and  others, 
lo  the  trying  of  thefe  fbraight  veins,  even  when 
they  carry  fome  ore  at  the  furface  ; and  I have 
feen  a great  number  of  fuperficial  trials  in  fuch 

as  carried  fome  ore,  but  do  not  remember  ever 

« 

feeing  a thorough  trial  made  in  any  one  of  them. 
A little  hole,  five  or  fix  feet  down,  or  a longi- 
tudinal flit,  along  the  vein,  p*erhaps  not  fo  deep, 
generally  ends  the  trial.  How  far  this  may  be 
right  I will  not  pofitively  determine ; however, 
it  may  be  proper  for  me  to  give  my  own  ob- 
fcrvations  upon  a point  of  fo  much  importance 
to  the  public,  as  thefe  veins  are  very  common  to 
be  found  in  all  countries  where  the  fuperficies 
of  the  ftrata  are  feen  ; and,, in  general  I have 
pbferved  that  the  greatefl  number  of  fuch  veins 
as  are  roomy  and  capacious  between  the  fides 
at  a, good  depth,  that  is,  from  ten  to  twenty  fa- 
thoms down,  are  generally  very  flraight  and  clofe 
at  the  fuperficies  of  the  ftrata  ; and  befides  fuch 
as  I have  feen  in  mining  fields,  I have  examined 
great  numbers  of  them  in  deep  glens  or  gulphs, 
cut  or  fcooped  by  rivulets  in  mountainous  places, 
and  upon  the  fliores  of  the  ocean  in  many  parts 
of  Britain,  particularly  round  Caithnefs  and 
other  parts  of  the  north  of  Scotland,  round  a 
good  deal  of  the  coaft,  and  feveral  arms  or  inlets 
of  the  fea  in  the  Highlands  of  Scotland,  and 
part  of  Gallowayj  in  all  of  which  places  the 
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rocky  cliffs  are  generally  very  high  and  clean, 
waflied  by  the  dalliing  of  the  waves  ; and  it  is 
aftonilhing  what  a prodigious  number  of  fine 
mineral  veins  are  to  be  feen  in  many  places  upon 
thofe  coafts,  and  many  of  them  containing  fome 
ore  and  other  good  mineral  fymptoms,  fome  of 
which  I will  point  out  hereafter.  At  prefent,  let 
it  fuffice  to  obferve,  that  the  moft  of  the  veins 
which  r have  feen  cut  deep  down  by  the  water 
or  otherwife,  are  narrow  or  clofe  at  the  furface, 
and  wider  down  below  ; At  the  fame  time  it  is 
alfo  proper  to  obferve,  that  it  is  very  uncertain 
at  what  depth  they  begin  to  open,  I have  feen 
a great  number  of  fine  veins,  with  their  fides  per- 
fectly clofe  above,  fo  as  to  appear  at  the  fuperfi- 
cies  of  the  ftrata  no  wider  than  a common  joint, 
the  fides  of  the  vein  perhaps  not  an  inch  afun- 
der,  which,  neverthelefs,  would  gradually  open 
downwards,  until  the  cavity  or  body  of  the  vein 
between  the  fides,  at  twenty  or  thirty  fathoms 
down,  would  be  fix  or  eight  feet  wide,  or  more; 
and  fome  of  thefe  veins  which  ’ are  clofe  above 
and  wide  below,  begin  to  open  foon,  that  is,  two 
or  three  fathoms  below  the  furface  ; others  do 
not  begin  to  open  until  they  are  eight  or  ten  fa- 
thoms down  : and,  again,  I have  feen  fome  which 
continued  fo  clofe  and  ftraight  for  a great  way 
down,  that  they  would  not  be  a foot  wide  at 
twenty  fathoms  below  the  furface,  which,  never- 
voL.  I.  N n thelefs. 


( 282  ) 

thelefs,  would  open  out  to  feveral  feet  wide  at  a 
greater  depth. 

Thefe  remarks  feem  to  favour  ftraight  or 
narrow  veins,  and,  in  my  extenfive  obfervations, 
I do  not  remember  feeing  many  fuch  as  were 
clofe  or  narrow  at  the  furface,  which  did  not 
open  below,  if  there  was  an  opportunity  of  fee- 
ing them  at  a good  depth. 

There  may  be  feveral  reafons  given  for  this 
fpecies  of  vein  being  narrow  above  and  wide 
below  ; but  thefe  reafons  will  become  obvious  to 
the  obferving  miner  and  the  intelligent  natura- 
lift,  when  they  come  to  read  and  conhder  the 
natural  hiltory  of  the  phenomena  of  the  flrata  in 
general,  in  the  third  part  of  this  work,  where  I 
hope  to  make  many  circumflances  evident,  plain, 
and  eafily  underftood,  which  are  now  apparently 
very  dark  and  puzzling. 

I will  now  enter  upon  an  exceeding  difficult 
part  of  the  talk  which  I have  undertaken,  viz.  to 
attempt  a defcription  of  fuch  rake  veins  as  may 
very  properly  be  called  irregular  j and  here  I can 
only  pretend  to  point  out  feme  few  of  the  num- 
berlefs  irregularities  and  accidents  met  with  in 
working  fuch  veins ; but  they  are  found  to  be  fo 
Proteus-like,  that  it  is  almolt  impoffible  to  de- 
feribe  minutely  all  their  appearances,  irregula- 
rities, and  changes. 
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In  this  part  of  the  natural  hlflory  of  mineral 
veins,  1 will  begin  with  fuch  as  are  very  wide  be- 
tween the  fides,  but  have  good  and  regular  fides, 
which  the  miners  know  where  to  find,  though 
they  are  very  far  afunder  ; I do  not  mean  here 
fuch  wade  veins  as  fwell  out  fuddenly  into  wide 
and  irregular  bellies,  and  foon  contrail:  again  in- 
to much  narrower  compafs  ; but  I mean  fuch  wide 
veins  as  continue  wide  for  fome  confiderable 
length  and  depth  before  they  are  very  much  con- 
tracted by  twdtches,  &c.  Of  this  variety  of  vein, 
as  well  as  all  others,  there  are  fome  of  them 
quick  and  others  dead,  or  fome  carry  ore  and 
others  produce  none,  fo  far  as  they  are  tried  ; and 
again  fome  produce  ore  in  fome  places  in  work- 
ing forward,  or  down  in  them,  and  in  other 
places  they  are  quite  dead,  and  produce  no  ore 
at  all. 

One  of  the  greateft  points  of  difficulty  in  de- 
fcribing  wide  veins,  is  how  to  convey  a proper 
idea  of  the  various  articles  or  mineral  foils,  hard 
and  foft,  and  'of  the  various  figures  and  condi- 
tions of  the  ores  found  in  fuch  veins ; for  it  would 
be  a very  eafy  matter  to  fay  that  a vein  is  fo 
many  feet  or  yards  wide  ; but  the  various  phe- 
nomena of  the  infide  of  thefe  veins,  and  of  the 
foils  or  mineral  matters  they  contain,  -is  not 
eafily  defcribed  or  conceived,  without  feeing 
them  in  their  various  appearances. 
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I obferved  before,  that  the  two  fides  of  a mine- 
ral vein  are  called  by  miners  the  hanger  and  led- 
ger. Thefe  fides  are  always  of  the  rock  or  ftrata 
which  compofe  the  mountain  or  mining  field,  the 
vein  being  a crack,  breach,  or  filTure  in  thofe 
ftrata,  the  fides  of  which  fiflure  are  opened  afun- 
der  to  a vaft  variety  of  degrees.  What  is  cal- 
led dead  veins,  that  is,  thofe  which  do  not  bear 
ore  at  the  furface,  nor  produce  any  upon  fuch 
trials  as  may  be  made  in  them,  frequently  con- 
tain between  their  fides,  in  different  places  and 
in  different  veins,  a vaft  variety  of  mineral  ftones 
and  of  fofter  mineral  foils.  The  moft  common 
, and  the  moft  promifing  of  the  mineral  ftones,  as 
concomitapts  of  ore,  are  the  fpars  and  vein- 
ftones  of  different  fpecies.  What  I call  vein- 
ftone,  is  a compound  mineral  concretion,  of  va- 
rious colours,  appearances,  and  degrees  of  hard- 
nefs,  and  not  unfrequently  of  various  colours  in 
the  fame  mafs,  though  white  often  prevails. — 
This  compounded  ftoney  concretion  is  called  by 
miners  a rider^  perhaps  from  its  riding  the  vein, 
or  feparating  it  longitudinally  into  two  or  more 
divifions.  This  mineral  ftone  is  hard  and  heavy, 
fometimes  compadl  and  folid,  but  frequently 
cracked  and  cavernous,  rifing  in  irregular  and 
mifhapen  maffes,  and'  generally  exceeding  hard. 
A rider  frequently  contains  a variety  of  different 
fubftances  or  fpecies,  as  well  as  different  colours, 
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in  the  lame  mafs,  fuch  as  fpar,  quartz,  fragments 
of  the  rocks  near  the  vein,  fometimes  pyrites, 
and  often  ore  in  grains  and  flowers,' and  fome- 
times different  ores,  as  lead,  copper,  &c.  in  the 
fame  mafs,  and  all  thefe  ftrongly  coagulated  or 
concreted  together  by  a whitifh  or  a brownifli 
white  fubftance,  refembling  quartz  and  agate, 
which  feems  to  have  enveloped  the  feveral  ar- 
ticles in  the  compofition  when  the  whole  was  in 
a fluid  flater  I call  this  vein-ftone,  as  I think 
the  term  fhould  be  the  mofl  intelligible  to  natu- 
ralifls,  it  being  always  found  in  veins,  upon  the 
fuperficies  of  them,  and  in  fragments  and  maffes 
lying  about  upon  the  face  of  the  ground,  which 
have  lllden  or  been  forced  off  the  fuperficies  of 
veins.  But  the  vein-ftone  does  not  always  con- 
tain fo  great  a variety  in  its  compofition.  It  is 
often  pretty  white,  and  appears  like  a quartzy 
concretion  of  a porous,  or  rather  a cavernous 
texture  ; and  the  infide  of  the  caverns,  though 
fmall,  frequently  contain  a brownifh  ferruginous 
foft  foil,  of  a fnuffy  appearance  ; and  fometimes 
the  infide  of  thefe  fmall  caverns  are  finely  lined 
with  great  numbers  of  pointed  or  prifmatical 
cryftals,  generally  exceeding  beautiful,  and  fpark- 
ling  like  diamonds.  But  all  the  vein-ftones,  or 
riders,  are  not  white  nor  whitifh.  In  many 
places  they  are  of  a brown  or  a reddifh  brown, 
and  feveral  other  colours ; but  the  whitifh 
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colour  mod  commonly  prevails.  Strong  wide 
veins  often  contain  a large  rib  of  this  vein-done 
betwixt  the  fides  feveral  feet  thick  but  in  all 
.degrees  of  thicknefs,  from  a few  inches  up  to 
feveral  feet,  I have  feen  drong  bold  veins  carry 
fuch  a rib  or  body  of  this  done  as  to  appear  in 
a ridge  above  the  furface  of  the  ground  a great 
way,  the  fuperficies  of  the  native  rock  being 
withered  and  waded  away  from  both  fides  of  it. 

The  next  mod  common  done  found  in  mine- 
ral veins  is  fpar,  of  which  there  are  feveral  fpe- 
cies,  and  thefe  frequently  tinged  with  feveral  co- 
lours, and  efpecially  in  veins  which  contain  lefs 
or  more  of  copper  or  iron. 

The  mineral  fpars  may  be  divided  into  the 
calcareous  and  vitrefcible,  or,  to  fpeak  as  a miner, 
there  are  three  different  and  didindt  fpecies  of 
mineral  fpar,  viz.  ly?,  the  calcareous  fpar ; 2d, 
cauk  fpar  ; and  3^/,  the  quartzy  fpar. 

The  calcareous  fpar  found  in  lead  mines  is 
commonly,  though  not  always,  of  a white  and 
whitifh  colour,  both  the  homogeneous  and  that 
which  is  mixed  with  ore  and  other  mineral  mat- 
ter, unlefs  it  happens  to.  be  tinged  or  tarniflied 
with  foft  foils,  in  which  it  is  often  found  : I fay 
it  is  commonly  white,  or  of  a bluilh,  a yellowifli, 
a reddifh,  or  a brownilh  white  colour,  frequent- 
ly of  a loofe  friable  conditution,  and  generally 
of  the  fame  internal  grain  and  texture  as  the  ore 
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it  is  mixed  with,  or  which  accompanies  it  in  the 
fame  vein.  Some  of  this  fpar  is  of  a fcaly  and 
of  a tabulated  texture  ; fome  of  it  again  is  of  a 
granulated  texture,  which  appears  uniform  in  the 
infide,  and  much  of  it  is -of  a cubical  or  diced 
ftrudlure  ; fome  of  larger,  and  others  of  fmaller 
cubes,  contiguous  and  flightly  adhering  to  one 
another. 

Cauk  fpa’r  is  not  calcareous,  nor  is  it  general- 
ly of  fo  pure  a white  as  the  calcareous  fpars.  I 
have  feen  cauk'  fpar  of  a dead  white,  but  moft 
commonly  it  is  of  a yellowifli,  a brownilh,  or  a 
reddifh  white,  or  of  a flefti  colour : It  is  a dull 
ill  looking  fpar,  frequently  rifmg  in  glebes  and 
irregular  malfes,  and  fo  exceeding  heavy,  that 
miners  have  always  imagined  that  it  contained 
metal  *,  only  they  think  that  the  proper  flux  for 
it  is  not  yet  difcovered.  No  doubt  this  mineral 
body  is  replete  with  the  vitriolic  acid  and  other 
mineral  matter,  which  the  art  of  the  chemifl;  may 
extract  j at  the  fame  time,  I think  it  highly  pro- 
bable that  it  is  not  a metallic  ore.  This  fpar 
being  fo  very  ponderous  makes  it  very  difficult 
to  feparate  it  from  the  metallic  ores  in  drefling 
them. 

Quartzy  fpar  is  generally  of  as  pure  a white 
colour  as  the  calcareous,  frequently  more  beau- 
tiful, and  fometimes  not  unlike  it  in  appearance  ; 
but  it  is  of  quite  a different  quality,  as  it  will 
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not  efFervefce  with  aquafortis,  nor  burn  into  lime, 
which  are  properties  of  the  calcareous  fpar  : On 
the  contrary,  inftead  of  calcining,  it  vitrifies  to  a 
glafs  or  flag  in  the  fire.  Some  of  this  fpecies  of 
fpar  is  found  of  a cubical  and  of  a tabulated  tex- 
ture, refembling  the  flrudlure  of  the  common 
blue  potter’s  ore  ; and  I have  feen  much  of  it  fine, 
fmooth,  and  uniform  throughout,  without  any 
vifible  grain  or  texture,  and  it  is  apt  to  fhoot 
into  prifmatical  cryftals,  which  are  commonly 
found  pure  and  pellucid,  fo  as  almoft  to  vie  with 
the  diamond  in  luftre,  and  frequently  fo  hard  as 
to  cut  glafs. 

Moil:  of  the  mineral  fpars  are  frequently  found 
fliot  into,  prifmatical,  cubic  hexagon als,  or  other 
figures.  Thefe  figured  cryftals  are  generally 
tranfparent  and  very  beautiful.  It  is  a great  cu- 
riofity  to  behold  the  infide  of  fome  of  the  large 
cavities  in  which  they  are  formed.  Thefe  open 
caverns  are  frequently  met  with  in  hard  mineral 
veins,  and  they  are  ‘ generally  called  by  miners 

lochs  or  loch-holes. 

_ * 

The  miners  know,  nothing  of  thefe  cavernous 

vacuities  until  they  ftrike  into  them  as  they  ad- 
vance in  working,  and  they  are  of  various  dimen- 
fions,  from  the  bignefs  of  a nut  up  to  room 
enough  for  more  than  three  or  four  men  to  turn 
themfelves  in  them. 
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The  magnitude  of  thefe  caverns  is  generally 
in  fome  proportion  to  the  capacity  of  the  veins 
in  which  they  are  found,  and  the  infides  of  them 
frequently  exhibit  all  the  variety,  beauty,  and 
fplendour  of  the  moft  curious  grotto  work. 

There  is  commonly  a hard  concreted  ftony 
cruft,  called  drufe,  adhering  to  the  infide  of  the 
cavity,  out  of  which,  as  out  of  a root,  an  innumer- 
able multitude  of  fhort  prifmatical  cryftals  are 
fhot,  which  fparkle  like^  a thoufand  diamonds 
with  the  candle,  or  when  brought  up  to  the  fun. 
Betv^een  thefe  clufters  of  mock  diamonds,  and 
flicking  to  them  promifcuoufly,  there  are  often 
ore,  pyrites,  and  fpar  fhot  alfo  into  prifmatical, 
cubic,  and  other  figures ; and  befides  thefe  clufters 
of  grotefque  figures  which  grow  out  of  one  ano- 
ther, and  are  as  it  were  piled  upon  one  another, 
the  whole  infide  of  the  cavern  is  fometimes  moft 
magnificently  adorned  with  the  moft  wildly 
grotefque  figures,  which  grow  upon,  and  branch 
out  of  one  another,  in  a manner  not  to  be 
defcribed,  and  with  all  the  gay  and  fplendid 
colours  of  poliftied  gold,  of  the  rainbow,  arid 
of  the  peacock’s  tail,  and  all  thefe  blended  to- 
gether, and  the  maffes  reflefting  all  the  beauty 
of  fuch  an  affemblage  of  gaudy  colours  : • But  it 
may  be  remarked,  that  thefe  caverns  are  never 
fo  magnificent  and  glorious  but  when  there  is 
lefs  or  more  of  yellow  copper  ore,  or  of  the  py- 
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tites  In  them,  as  thefe  ores  are  found  to  produce 
in  hard  veins  the  mbft  beautiful  colours  in  the 
world.  An  eminent  inftance  in  proof  of  this 
, aifertion  is  to  be  feen  in  the  copper  veins  in  the 
parifli  of  Colvend  in  Galloway* 

Thefe  mineral  loughs  or  caverns  are  the  great 
fource  of  materials  for  grotto  work,  and  the  fpe- 
cimens  collected  from  the  mines  are  generally  the 
moft  fhowy  dazzling  articles  in  the  whole  ar- 
rangement of  the  fplendid  grotto. 

Neither  the  calcareous  nor  the  cauk  fpars  will 
ilrike  fire  with  fieel,  unlefs  there  is  a mixture  of 
the  pyrites  in  them  ; but  the  quartzy  fpar,  on  the 
contrary,  gives  fire  plentifully.  Pure  quartz  of  a 
fine,  fmooth,  uniform  texture,  breaking  like  glafs, 
is  often  found  in  thofe  mines  where  the  quartzy 
fpar  prevails,  and  it  is  frequently  mixed  with 
ore. 

What  I call  pure  quartz  is  a white,  femi-tranf- 
parent,  hard  and  heavy  ftone,  of  a fine,  fmooth, 
uniform  texture,  and  of  confiderable  brightnefs, 
and  not  exhibiting  any  vifible  grain. 

Quartz  does  not  rife  in  blocks  or  large  regu- 
lar mafles,  neither  in  the  mines  nor  any  where 
elfe,  it  being  full  of  cracks  and  flaws,  fo  as  to 
break  into  fmall  irregular  mafles,  with  various 
lharp  angles,  and  it  is  fo  hard  as  to  wafte  the 
tools  more  than  any  other  ftone.  Where  quartz 
and  quartzy  fpar  prevails,  the  veins  are  common* 
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ly  very  hard  and  difficult  to  work,  and  it  is  as 
difficult  to  feparate  the  ore  from  the  quartz  in 
dreffing  it,  being  fo  hard  that  it  requires  much 
labour  to  break  the  quartz  mixt  with  ore  fmall 
enough,  and  fo  heavy,  that  it  does  not  eafily  fepa- 
rate. I will  only  give  this  fpecimen^of  fuch  mi-^ 
neral  ftones  as  are"  moft  common  and  mod  gene- 
rally known ; there  are  a great  many  others 
found  in  different  mines  of  various  colours  and 
textures  too  tedious  to  be  deferibed  here  juft 
jiow. 

The  foft  mineral  foils  are  as  various  in  quali- 
ty‘^nd  appearance  as  the  hard.  I will  point  out 
a few  of  them,  in  which  I will  make  no  choice 
or  arrangement,  but  will  give  them  as  they  oc- 
cur to  my  memory.  The  jir/i  I will  take  notice 
of  is  a white  or  whitifh  mineral  foil  or  clay,  fome- 
times  fine,  tenacious,  and  fmooth,  but  often  more 
friable  and  courfe  to  the  touch,  not  unlike  flaked 
lime  mixt  with  fmall  fand.  This  fpecies  of  mi- 
neral foil  is  frequently  a promifing  fymptom  of 
lead  ore  j but  I will  leave  the  difeuffion  of  this 
point  until  I come  to  examine  the  fymptoms  and 
appearances  of  mines  or  good  mineral  veins. 

Red  fatty  clay  in  veins,  which  indelibly 
ftains  the  hands  and  clothes’,  is  an  indication  of 
iron,  concerning  which  I will  fay  nothing  juft 
i^w,  but  that  the  better  forts  of  iron  ores  are 

generally 


( 2g2,  ) 


generally  accompanied  with  red  ftaining  foftnefs, 
by  which  they  are  eafily  diftinguiflied  ; at  the 
fame  time  it  is  proper  to  obferve,  that  fome  lead 
and  copper  veins' contain  a confiderable  quantity 
of  iron,  and  confequently  of  a red,  or  a brownifh 
red  foft  foil,  and  efpecially  near  the  furface.  , 

2^d,  Bluifh  and  greenifh  mineral  foils,  light 
and  friable,  and  alfo  heavy  and  tenacious.-— 
Thefe,  and  feveral  others,  will  be  treated  of 
when  we  come  to  examine  fymptoms. 

4i/j,  Yellowifh,  afh- coloured,  and  marbled  foft 
foils,  or  mineral  clays,  which  are  frequently  not 
to.  be  diftinguiflied  from  furface  clays  of  the 
fame  colours,  but  by  the  fkilful  miner.  .. 

^th.  Black  and  blackifli  brown  foft  foils,  com- 
monly light  and  friable,  though  there  are  fome 
of  them  more  tough  and  weighty. 

. 6th,  The  moft  remarkable  and  diftinguiflied 
of  all  the  foft  mineral  foils,  and  frequently  the 
moft  promifing,  is  of  a brown  colour,  and  of  a 
lax'  and  friable  texture,  often  refembling  rappee 
and' other  fnuff  in  colour  and  appearance,  being 
fometimes  blackifli,  but  generally  brown,  in  all 
the  degrees  and  ftiades  of  that  colour. 

Having  given  this  brief  fpecimen  of  the  hard 
and  foft  foils  which  are  moft  commonly  found  in 
mineral  veins,  I will  now  return  to  the  hiftory  of 
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the  veins,  and  of  the  appearance  thefe  foils  make 
in  them. 

It  is  very  common  to  find  a large  body  of  rider 
in  fuch  a ftrong  vein  as  the  laft  mentioned  in  a 
rib,  or  (landing  in  the  middle  of  the  vein  like  a 
wall,  with  a fpace  between  it  and  the  fides  of  the 
vein.  Thisirib  of  rider  or  vein-flone  fo  feuated 
divides  the  vein  in  two,  as  there  is  a fpace  like  a 
vein  betwixt  this  rib  and  each  of  the  rea!,  fides 
of  the  vein; 

This  rib  or  body  of  vein-flone  may  be,  and 
frequently  is,  found  of  various  dimenfions,  fii-oni 
•five  or  fix  inches  up  to  five  or  fix  feet  thick. 
In  ilrong  veins,  like  the  one  prefently  under  con- 
fideration,  it  is  not  uncommon  to  find  a body  of 
vein-ftone  feveral  feet  thick.  Sometimes  thiis 
vein-ftone  is  richly  flowered,  fpotted,  and  veined 
with  ore,  and  fometimes  there  is  little  or  no  ore 
found  in  it ; and  it  frequently  happens  that  when 
it  is  mixed  with  fome  ore,  it  is  found  in  fuch 
fmall  fpecks  and  threads,  and  the  (lone  is  fo  hard, 
that  it  is  not  worth  feparating.  This  rib  of  rider 
in  a (Irong  vein  is  not  always  found  in  the  mid- 
dle of  the  vein,  but  is  frequently  found  nearer 
to  one  fide  than  the  other,  and  it  is  not  uncom- 
mon to  find  it  adhering  (Irongly  to  the  fide,  and 
mixed  with  ore.  When  a rib  or  wall  of  rider  is 
fituated  in  the  middle  of  a wide  vein,  there  is 
fometimes  good  ore  found  upon  each  fide  of  it, 
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and  at  other  times  upon  one  fide  only  j and  this 
ore  is  found  either  in  a continued  rib  or  difcon- 
tinuous  malTes. 

When  the  ore  is  found  in  ribs  betwixt  the 
vein-ftone  and  the  real  Tides,  thefe  ribs  of  ore,  as 
well  as  that  of  the  done,  are  of  various  dimen- 
fions,  from  two  or  three  inches  up  to  tw^o  or 
three  feet  or  more  in  thicknefs.  In  flrong  wide 
veins,  which  have  a rib  of  rider  in  the  middle,  it 
is  not  uncommon  to  have  a rib  of  good  ore  upon 

each  fide  of  the  rider,  of  one,  two,  or  three  feet 

. > 

thick,  though  it  is  not  commonly  found  fo  thick 
upon  each  fide  ; but  it  i^  common  to  have  a rib 
of  two  or  three  feet  thick,  or  more,  upon  one 
lide  of  the  vein-ftone,  and  a thin  rib  upon  th^ 
other* 

. Thefe  continued  regular  ribs  of  ore  which  are 
found  in  wide  veins,  running  parallel  to  the  rib 
of  rider,  and  betwixt  it  and  the  fides  of  the  vein, 
are  fometimes  folid  ore  and  fometimes  mixed 
with  fpar  and  other  heterogeneous  matter  ; and 
it  often  happens  that  ore,  found  thus  betwixt  a 
rider  and  the  fide  or  Tides  of  the  vein,  is  partly 
folid  and  partly  mixed. 

' Again,  the  ore  found  betwixt  a rider  and  the 
Tides  of  a vein,  is  not  always  in  regular  continued 
ribs.  It  is  fometimes  found  in  a difcontinuous  rib 
or  ribs,  that  is,  in  large  flat  flabs  or  mafles,  which 
appear  like  a rib  for  two  or  three  feet,  perhaps 

for 
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for  five  or  fix,  every  way,  and  then  you  come 
to  the  end  of  it,  if  you  are  working  forward  ho- 
rizontally, or  to  the  bottom  of  the  mafs,  if  you 
are  finking  down  in  the  vein  ; but  then  you  are 
not  long  before  you  touch  the  edge  of  another 
cake  of  this  difcon tinned  rib.  Thefe  cakes,  or 
flat  mafles  of  ore  in  the  difcontinued  rib,  are  of 
various  fizes,  fome  being  very  large  and  others 
very  ftnall,  and  the  diftance  betwixt  them  is  as 
various  as  the  dimenfions  of  the  mafles.  In  dif- 
ferent veins,  and  in  different  parts  of  the  fame 
vein,  the  mafles  are  fo  near  one  another  as  fome- 
times  almofl;  to  touch,  and  at  other  times  there 
will  be  a diffance  of  from  a foot  to  five  or  fix 
feet  between  the  mafles,  and  frequently  more  j 
but  this  diftance  is  exceedingly  variable,  even  in 
the  fame  vein,  and  often  at  no  great  diftance. 

It  is  proper  for  me  to  obferve  here,  that  thefe 
difcontinuous  ribs  of  ore  are  imbedded  in  one 
of  the  foft  mineral  foils  mentioned  above ; 
that  is  to  fay,  all  the  mafles,  or  flabs  of  ore,  are 
encompafled  with  foft  foil,  and  the  fame  foftnefs 
continues  betwixt  mafs  and  mafs  ; and  it  is  fur- 
ther to  be  obferved,  that  although  the  rib  is  real- 
ly difcontinued,  and  that  there  is  lefs  or  more 
fpace  betwixt  the  different  mafles  of  ore,  yet  the' 
feveral  mafles  are  thinner  and  thinner  towards  the 
edge  of  the  mafs,  and  do  not  break  off  at  once 
when  at  full  thicknefs.  The  difcontinuous,  as 

- well 


( 296  ) 


well  as  the  continued  and  regular  ribs  of  ore,  are 
of  various  dimenfions  or  thicknefs,  from  an  inch 
up  to 'two  or  three  feet  or  more. 

A difcontinuous  rib  of  ore  may  be,  and  often 
is,  found  every  way  as  defcribed  above,  in  a vein, 
without  any  rib  or  continued  body  of  rider.  A- 
gain,  the  ore  is  frequently  found  betwixt  the  ri- 
der and  the  fides  of  large  roomy  veins,  in  glebes 
and  irregular  maffes  of  various  fizes  and  dimen- 
fions, imbedded  in,  and  furrounded  wdth  foftnefs. 
Some  of  thefe  roundilh  maffes  are  no  bigger  than 
eggs  ; others  are  fo  large  as  to  produce  feveral 
tons  of  ore  out  of  the  fame  mafs  ; and  they  are 

like  ftones  in  a brook,  of  all  the  intermediate 

# 

fizes. 

Rider  in  a vein  is  not  always  found  in  a con- 
tinued rib,  no  more  than  the  ore.  It  is  frequent- 
ly found  in  a difcontinuous  rib  ; fometimes  in  a 
vein  that  is  more  hard  and  clofe ; but  generally 
amongft  fpftnefs  in  a vein  that  is  loofe  and  open  ; 
and  moreover,  rider  is  not  only  found  in  ribs  of 
feveral  dimenfions,  and  in  feveral  degrees  of  con- 
tinuity, but  it  is  alfo  found  in  larger  and  fmaller 
glebes,  and  irregular  maffes.  Thefe  glebes  and 
irregular  maffes  of  rider  or  vein-ftone  in  wide, 
foft,  loofe  veins,  are  found  of  all  dimenfions,  from 
the  fize  of  the  fift,  up  to  the  fize  of  a hogfheadj 
and  much  bigger.  In  fome  very  wide  loofe  veins, 
irregular  malfes  of  rider  will  be  found  in  one  fide 
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of  the  vein,  and  irregular  maffes  of  ore  in  the 
other,  and  both  the  maffes  of  rider,  and  thofe  of 
the  ore,  lying  without  any  order  among  loft  loofe 
mineral  foil,  and  without  the  leaft  appearance  of 
continuity : Sometimes  the  maffes  being  pretty 
near  and  contiguous  to  one  another,  and  fome- 
times  the  miners  have  to  work  forward  or  down- 
ward feveral  feet  of  the  foft  foil  before  they  touch 
one  of  them. 

Thefe  large  maffes  of  rider  are  frequently  fo 
very  hard,  even  among  the  exceflive  foftnefs  of 
the  loofe  foil  which  furrounds  them,  that  they 
cannot  be  broken  to  pieces  with  any  tools  and 
flrength  of  men  without  gun-powder.  Thefe 
maffes  of  vein-ftone,  found  loofe  and  detached 
among  foftnefs,  are  of  all  colours,  as  white,  yel- 
low, red,  brown,  black,  green,  and  afh-coloured, 
in  all  their  fhades  and  varieties,  and  frequently 
feveral  of  thefe  colours  are  found  blended  toge- 
ther in  the  fame  mafs.  Thefe  maffes  of  rider 
lodged  in  foftnefs  in  wide  loofe  veins,  are  fome- 
times  poor,  fometimes  rich  in  ore,  and  they  are 
frequently  found  to  contain  none  at  all.  When 
they  are  poor  in  metal,  they  are  then  to  be  called 
riders  mixt  with  ore  ; but  when  they  are  very 
rich  in  metal,  they  may  be  called  maffes  of  ore 
mixt  with  rider.  It  is  not  uncommon  to  find 
thefe  riders  mixt  with  feveral  fpecies  of  ore  in 
the  fame  mafs,  as,  for  inftance,  lead,  copper,  iron, 
- VOL.  I.  P p pyrites, 
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pyrites,  &Ci  which  mixture  generally  renders 
them  all  very  ufelefs,  the  riders  being  often  fo 
hard  that  it  is  not  eafy  to  break  them^  fmall 
enough  for  feparation,  ’and  the  different  ores  fo 
mixt  and  combined  together,  that  clean  ore  can 
hardly  be  made  out  of  any  one  of  them. 

Again,  wide,  foft,  loofe  veins  fometimes  only 
produce  larger  and  fmaller  maffes  of  ore  without 
any  rider  at  all. 

The  dimenhons  of-thefe  glebes  and  maffes^  of 
ore  in  foft  wide  veins  cannot  be  determined. 
It  is  common  to  find  detached  bits  amongfl  the 
foft  foils  as  fmall  as  peafe,  and  even  fmaller,  but 
geherally  fo  coated  over  as  to  be  imperceptible, 
until  they  happen  to  be  crufhed  or  bruifed  be- 
tween two  hard  bodies,  when  their  bright  metallic 
quality  appears.  Bits  and  maffes  are  commonly 
found  detached  and  furrounded  with  foftnefs  as 
big  as  eggs  and  lefs,  as  big  as  the  fifl,  the  head, 
and  fo  on,  up  to  large  unweildy  maffes,  which 
cannot  be  flirred  from  the  place  where  they  are 
found,  but  muff  be  wrought  out  piece-meal  j and 
in  fome  very  wide  foft  veins,  they  fometimes 
meet  with  maffes  fo  large  as  to  produce  a great 
many  tons  of  lead  out  of  one  lump. 

Thefe  larger  and  fmaller  lumps  of  ore  in  fome, 
foft  works  are  all  pure  and  folid ; in  others,  they 
are  lefs  or  more  mixt  and  blended  with  fpar^ 
rider,  flone,  and  other  heterogeneous  bodies.  In 
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fome  foft  veins,  pure  and  mixed  maffes  of  dif<- 
ferent  fpecies  of  ore  are  found,  fuch  as  lead, 
copper,  iron,  &c. ; and  there  are  often  found  in 
the  foftnefs  mafles  of  all  fizes  of  different  kinds 
■'of  ftone,  befides  fpar  and  rider;  and  every  fub- 
ftance  found  in  the  infide  of  thefe  foft  loofe  veins 
generally  has  the  appearance  of  being  corroded 
and  wafted,  the  maffes  large,  and  fmall,  of  ore,  and 
others,  being  of  no  determined  or  regular  fliape, 
but  having  much  the  appearance  of  fome  degree 
of  corrofion,  and  a partial  wafting  as  they  harden, 
they  generally  having  a lax  texture  and  appear- 
ance like  flaked  lime  or  fnuff.  I hinted  before 
that  the  lax  dufty  foils  are  of  various  colours, 
though  a fnuffy  colour  or  darker  brown  are 
the  moft  common.  Thefe  foft  lax  foils  are  cal- 
led mother  by  Scots  miners,  and  where  difcover- 
ed  in  a vein,  they  are  generally  reckoned  a good 
omen  both  of  lead  and  copper.  Some  foft  loofe 
veins,  neverthelefs,  contain  a great  quantity  of 
thefe  foft  foils  without  any  ore,  fo  far  as  they  are 
tried,  and  there  are  often  confiderable  trials  made , 
in  it,  the  foil  being  reckoned  fo  fruitful  of  ore, 
and  fo  often  to  accompany  it,  which  often  proves 
a temptation  or  inducement  to  go  on. 

The  phenomena  of  the  infide  of  thefe  veins 
are  fo  various,  that  it  is  almoft  irapoffible  to  go 
through  every  point  of  defcription ; and,  there- 
fore. 
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fore,  I will  now  proceed  to  obferve,  that  all 
bold  wide  veins  are  not  foft.  There  are  many  of 
them  very  hard.  The  hard  wide'veins  are  alfo 
various  in  their  appearances  and  in  their  contents. 
Some  of  thefe  bold  veins  have  produced  great 
bodies  of  lead  ore.  At  Llangunog  in  Wales, 
they  had  fifteen  feet  wide  of  ore,  befides  feveral 
feet  more  which  was  mixt  with  fpar,  rider,  &c.  ; 
and  from  the  reports  of  tradition,  which  are  cor- 
roborated by  circumftances,  it  appears  they  had 
ore  of  great  width  at  Strontian,  in  the  High- 
lands of  Scotland,  in  the  York  Building  Com- 
pany’s time,  and  ore  of  great  width  has  been 
wrought  in  hard  veins  in  feveral  other  parts  of 
Britain.  They  hacl  folid  lead  ore  of  fix  feet 
wide  at  Wanlockhead  in  Scotland  when  Mr  Tel- 
ford  had  thofe  works.  I faw  it  afterwards  four 
feet  wide  of  fine  folid  ore  in  the  fame  vein.  They 
have  frequently  had  remarkably  rich  lead  ore  in 
feveral  veins  at  Leadhills ; and  it  is  faid  to  be 
up  to  fourteen  feet  wide  of  folid  ore  at  prefent  in 
one  of  thofe  veins  ; and  four,  five,  or  fix  feet  of 
folid  ore  in  hard  veins,  and  fometimes  much 
more,  has  been  no  uncommon  phenomena  in  fe- 
veral jiarts  of  England  and  Wales. 

But  the  cavities,  or  rather  the  fpace  betwixt 
the  fides  of  bold  hard  veins,  are  not  always  fil- 
led up  with  pure  and  folid  ore ; it  may  rather  be 
afferted  that  fuch  a thing  feldom  happens.  They 
■ ' generally 
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generally  contain,  befides  the  ore,  a great  quanti- 
ty of  rider,  fpar,  and  other  hard  matter. 

Wide  hard  veins  frequently  carry  a flrong 
body  of  hard  rider  of  feveral  feet,  and  fometimes 
of  feveral  yards  thick.  In  fome  places  a rib  of 
ore  is  found  upon  one  fide  of  this  rider,  and  in 
others  upon  both  fides  of  it ; and  it  is  but  too 
common  that  none  at  all  is  found,  neither  upon 
the  one  fide  nor  the  other. 

Hard  bold  veins,  containing  no  metal  to  begin 
with,  are  very  difcouraging  for  mineral  trials,  the 
ground  being  fo  very  difficult  to  cut,  that  trials 
in  them  foon  become  very  expenfive  ; but  fome- 
times this  difficulty  is  in  part  removed  by  a thin 
flrake  or  feam  of  clay  betwixt  the  rider  and  the 
fide  or  fides  of  the  vein,  which  miners  call  a 
Jleeklng^  and  which  helps  them  forward  greatly, 
as  they  cut  this  out  firft  the  length  of  a pick 
helve,  which  frees  the  hards,  and  makes  it  eafier 

I 

wrought  with  gun-powder  or  otherwife. 

It  is  almofl:  as  difficult  to  defcribe  the  infide  of 
a hard  vein  as  a foft  one,  as  the  riders,  fpars,  and 
ores  appear  in  fu'ch  a variety  of  conditions  and 
mixtures  in  different  veins. 

’ I obferved  above  that  fome  hard  veins  carry  a 
rib  or  body  of  rider,  with  a rib  of  ore  upon  one 
or  both  fides  of  the  rider.  Thefe  ribs  of  ore 
are  of  various  dimenfions  or  thicknefs,  from  lefs 
than  one  inch  up  to  three,  f«ur,  or  five  feet ; 
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fometimes  thefe  ribs  of  ore,  running  parallel  to  a 
rider  in  hard  wide  veins,  are  fine  and  folid,  but 
they  are  more  frequently  found  mixt  and  debafed 
with  fpar  and  other  heterogeneous  matter.  It  is 
not  uncommon  to  find  no  ore  in  one  of  thefe  hard 
veins,  but  what  is  mixt  and  blended  with  a pro- 
digious body  of  ftrong  rider  of  great  width, 
which,  at  any  rate,  is  very  difficult  to  w'ork ; 
and,  therefore,  the  ore  muft;  be  in  confiderable 
quantity  when  fo  mixt  to  defray  the  expences  of 
raifing  and  dreffing  it. 

Again,  fome  wide  hard  veins  have  little  or  no 
rider  in  them,  but  contain  a confiderable  body 
of  ore  mixt  with  fpar  of  feveral  feet  thick. — 
Some  of  thefe  wide  veins  of  ore  mixt  with  fpar 
are  pretty  rich  in  ore,  fo  as  to  be  worth  work- 
ing with  profit ; others,  though  wide,  are  hardly 
worth  working,  and  many  of  them  are  fo  poor 
in  ore  as  to  be  worth  nothing  at  all ; and  there 
are  fome  wide  bold  veins  which  contain  a great 
body  of  fpar,  as  there  are  others  of  rider  without 
any  ore  at  all. 

And  again,  there  are  fome  bold  regular  good 
like  veins,  containing  a confiderable  quantity  of 
ore,  wffiich  is  all  fpoilt  and  rendered  ufelefs  by 
its  being  blended  with  a great  body  of  cauk  fpar, 
from  which  it  cannot  be  feparafed  with  moderate 
expence ; and  fome  good  veins  of  ore  are  fpoilt 
and  rendered  ufelefs  by  being  mixt  wdth  a great 
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quantity  of  pyrites,  or  mundic,  as  it  is  called  by 
Cornilh  miners.  There  is  fometimes  a rib  of' 
three  or  four  feet  or  more  of  the  pyrites  found  in 
a wide  vein,  with  a confiderable  quantity  of  fine 
lead  ore. 

If  the  lead  ore  happens  luckily  to  lie.  in  a rib, 
or  otherwife,  in  one  fide  of  the  vein,  it  may  be 
wrought  with  profit ; but  if  they  are  blended  to- 
gether, it  is  ten  to  one  that  the  lead  is  not  worth 
working ; the  mundic  or  pyrites  being  fo ponderous 
that  they  cannot  be  feparated  to  advantage. 

Wide  fparry  veins  fometimes  carry  two  or 
three  or  more  ribs  of  ore,  feparated  from  one 
another  by  fo  many  ribs  of  fpar,  which  are.  not 
always  worth  working  ; for  it  too  often  happens 
that  when  ore  is  in  this  or  any  other  way  di- 
vided, it  is  rendered  unprofitable  j however,  this 
depends  upon  the  quality  and  goodnefs  of  the 
ore.  If  the  ribs  are  each  of  them  fome  inches 
thick  of  pure  folid  ore,  they  may  work  very 
well,  but  fonletimes  fuch  divided  ribs  are  not 
above  one  inch  a- piece,  and  even  lefs. 

I have  dwelt  long  upon  what  may  be  called  re- 
gular veins,  and  yet  I have  not  finilhed  tlieir  hi- 
ftory ; a great  deal  more  may  be  faid  about  them, 
but  that  1 may  not  be  unprofitably.  tedious,  I will 
remark  here  in  general,  that  every  word  I have 
faid  about  wide  veins,  hard  and  foft,  might  be  re- 
peated in  giving  the  hiftory  of  thofe  which  are  in 
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all  degrees  narrower.  The  ore,  the  fpars  and  ri- 
ders, and  all  the  foft  foils  with  and  without  ore, 
appear  exaftly  in  the  fame  manner  in  the  middling 
and  lelfer  veins  as  in  the  large  and  wide  ones,  on- 
ly allowing  for  quantity.  There  is  not  fo  niuch 
room  in  the  lelfer  ones  as  in  the  greater  j but  they 
contain  the  fame  articles,  and  they  are  compound- 
ed and  difpofed  alike  in  each  ; and  therefore  I 
will  refer  to  what  I have  faid  about  the  large  and 
wide  veins,  to  ferve  for  the  hiftory  of  the  middle 
and  fmall  veins. 

I will  now  proceed  to  give  fome  account  of 
fuch  rake  veins  as  may  be  called  irregular  ; and 
thefe  are,  ly?.  Such  as  open  fuddenly  into  very 
wide  bellies,  and  clofe  or  check  again  as  fuddenly : 

Waving  veins,  or  fuch  as  open  and  clofe  al- 
ternately at  very  Ihort  diftances,  as  you  work  for- 
ward horizontally  in  them ; and,  3*^,  Such  rake 
veins  as  have  a very  great  hade  or  ftope,  which  is 
a fufEcient  irregularity  of  itfelf,  and  befides  thefe, 
are  apt  to  be  very  irregular  in  widenefs.  Thefe 
three  are  only  varieties  of  the  fame  vein  ; and, 
indeed,  the  varieties  are  fo  many,  that  it  would  be 
exceeding  dilEcult  to  defcribe  them  all. 

Some  hard  veins  come  under  the  defcription  of 
thefe  three ; and  it  is  not  uncommon  to  fee  a 
pretty  wide  and  rich  belly  of  good  folid  ore,  which 
- does  not  continue  for  any  confiderable  length,  as 

you 


you  work  forward  upon  the  bearing  of  the  vein, 
but  fooji  checks  or  twitches  out  by  the  fides  of 
the  vein  coming  together  as  you  advance  horizon- 
tally. By  “ foon  twitches  out,’''  I mean,  that  it 
fails  at  the  end  of  a few  fathoms,  where  the 
tides  of  the  vein  come  together,  either  fuddenly, 
or  more  gradually  ; and  the  twitch,  when  the 
fides  of  the  vein  come  together,  is  either  total  or 
in  part.  Some  of  thefe  twitches  carry  a fmall 
rib  of  folid  ore  quite  through,  until  the  vein  opens 
again,  and  produces  another  belly ; and  in  other 
twitches,  w^e  have  a rib  of  rider  going  quite  thro' 
the  twitch,  and  this  rider  is  fometimes  mixed  with 
ore,  and  at  other  times  it  is  quite  barren ; and  a- 
gain,  in  many  of  thefe  twitches  we  have  neither 
ore  nor  rider,  but  in  fome  of  them  the  fides  of 
the  vein  are  fqueezed  as  clofe  together  as  a joint 
between  two  hewn  ftones,  and  in  others  there  is 
nothing  but  a thin  drake  or  feam  of  clay,  perhaps 
not  an  inch  thick,  or  not  above  one  or  two  inches 
at  mod.  Miners  call  this  thin  feam  of  clay  a 
Sticking,  When  there  is  either  a thread  or  fmall 
rib  of  ore,  pure  or  mixed  with  fpar  or  rider,  or 
elfe  a rib  of  barren  rider  leading  through  the 
twitch,  or  again,  where  there  is  a dickingof  clay, 
there  is  no  difficulty  in  the  cafe,  except  in  point 
of  labour  and  expence  ; an  unexperienced  miner 
may  find  his  way  through  the  twitch  well  enough: 
But  where  the  fides  come  perfectly  clofe,  and  are 
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run  or  cemented  together,  which  is  often  the  cafe, 
it  then  requires  the  care  and  attention  of  an  ob- 
ferving  experienced  miner  to  keep  the  vein  with 
certainty  as  he  drives  through  the  twitch,  and  e- 
fpecially  if  it  proves  a long  one. 

In  general,  the  veins  do  not  clofe  at  once  when 
one  of  thefe  tv/itches  are  coining  in,  but  the  belly 
' of  ore  begins  from  the  wideft  part  to  wear  gra- 
dually lefs  and  lefs,  until  at  lall  the  tides  of  the 
vein  are  come  pretty  dole  together,  and  tfie  ore 
wears  out  to  a point  or  thin  edge,  and  is  in  fome 
twitches  fqueezed  out  altogether,  and  in  others 
to  a fmall  thread  or  rib  which  goes  through  with 
them.  Thefe  twitches  are  of  various  lengths. 

No  miner,  when  his  vein  is  checked  or  twitch- 
td  out,  can  pofllbly  tell  how  long  it  is  to  conti- 
nue twitched,  or,  in  other  words,  how  many  fa- 
thoms he  has  to  driye  through  it  before  the  vein 
opens  again,  unlefs  he  cut  through  the  fame  twitch 
before,  either  higher  up  or  lower  down ; and  this 
uncertainty  of  the  length  or  extent  of  twitches  is 
one  of  the  moft  puzzling  dilemmas,  or  greateft 
difEculties  met  with  in  the  pradice  of  mining. 
Some  of  thefe  bars  betwixt  bellies,  or  wide  pla- 
ces in  a vein,  will  not  continue  above  two  or 
three  fathoms  before  the  vein  begins  to  open  a- 
gain  upon  the  other  fide  j but  others  will  conti- 
nue for  ten,  twenty,  thirty,  or  forty  fathoms,  and 
even  up  to  fixty,  eighty,  and  a hundred  fathoms, 
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or  more  ; fo  that  we  are  frequently  in  a fad’  dU 
kniina,  when  we  have  driven  ten  or  fifteen  fa- 
thoms in  an  unknown  twitch,  and  it  is  very  hard 
to  determine  whether  we  Ihould  piilh  forward  or 
ftop  Ihorti.  When  the  miners  have  cut  a drift 
through  a twitch,  the  vein  begins  to  open,  and 
the  fides  to  part  afunder  upon  the  other  fide.  If 
they  had  a thin  rib  of  ore  to  lead  them  through 
the  twitch,  it  begins  to  grow  thicker  ; but  if  they 
had  none,  they  firll  touch  the  thin  edge  of  it. 
Perhaps  they  firft  touch  it  at  an  inch  thick,  or  e- 
vcn  lefs ; but  as  they  advance  forward,  the  ore 
increafes  gradually,  and  grows  better  and  better, 
until  they  come  to  the  bell  and  wideft  part  of  the 
belly,  as  a fifli’s  tail  increafes  gradually  from  the 
point  forward  to  the  thickeft  part  of  the  body. 

Thefe  bellies  of  ore  are  of  indeterminate  dimen-- 
fions  both  as  to  length  and  breadth  or  thicknefs  ; 
fome  of  them  are  but  a few  fathoms  long  in  all, 
others  continue  for  a great  many  fathoms ; fome 
continue  at  full  widenefs  where  the  ore  is  beft 
for  feveral  fathoms,  and  others  begin  to  dwindle 
or  wear  thinner  almoft  as  foon  as  you  arrive  at 
the  bell  and  thickeft  part  of  the  belly,  and  again 
they  vary  as  much  in  width  or  thicknefs  as  in 
length,  as  they  are  found  in  different  veins,  and 
fometimes  in  different  places  in  the  fame  vein,  from 
a few  inches  up  to  feveral  yards  wide.  It  fome- 
tiraes  happens,  that  the  miners  meet  with  a falfe 
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appearance  in  driving  through  a twitch,  that  is, 
with  a finall  quantity  of  ore,  which  does  not  con- 
tinue, neither  as  they  advance,  nor  up  and  down ; 
but  they  foon  lofe  it  again,  which  proves  a great 
difappointinent,  as  they  naturally  expect,  in  fuch 
a cafe,  that  they  have  got  hold  of  one  edge  of  a 
belly  of  ore,  and  it  proves  a falfe  belly,  or  only  a 
fmall  neft. 

When  one  belly  of  ore  proves  pure  and  folid, 
it  generalhv  happens  that  all  the  bellies  prove  fo  < 
in  the  fame  vein,  and  efpecially  in  the  contiguous 
parts  of  the  mining  field.  The  contents  or  pro-  ^*-1 
duce  of  a vein  frequently  change  greatly  at  a di- 
jftance.  ^ 

I hare,  as  ,yet,  in  this  vein  only  mentioned  fo-  4 

lid  bellies  of  ore ; but  it  muft  be  obferved,  that  1 

where  ore  is  found  in  this  defeription  of  vein,  it  a 
is  not  always  folid  ; on  the  contrary,  it  is  oftener  1 
found  mixt  with  fpar  and  rider,  than  folid  ; and  c? 
too  often  thefe  bellies  in  this  fort  of  hard  vein  i- 
only  contain  fpar  ,or  rider,  without  any  ore,  or  fo 
little  that  it  is  not  worth  working.  It  is  in  thefe 
veins  that  the  open  cavities  fpoken  of  above 
are  moft  frequently  met  with,  many  of  which  arc 
exceeding  curious. 

! hinted  before,  that  the  miners  know  nothing 
about  thefe  loughs  or  concavities,  until  they  flrike 
their  tool  into  one  of  them  at  once,  nor  do  they 
knew  any  thing  about  the  dimenfions  of  them 

until 
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until  they  open  them  up ; for  they  are,  as  I hinted, 
of  all  dimenfions,  from  the  fize  of  an  egg  and  un- 
der, to  the  fize  of  a fmall  houfe.  Miners  like 
well  to  meet  with  thefe  concavities  in  hard  veins, 
and  efpecially  after  driving  a long  time  in  a hard 
check  or  twitch,  as  one  of  thefe  latch-holes  proves 
the  firft  and  fureft  indication  of  the  veins  begin- 
ning to  open-  again,  and  of  another  belly  of  ore 
coming  in.  When  this  fpecies  or  defcription  of 
hard  veins  are  barren  of  ore,  the  fpars  and  ri- 
ders, &c.  are  found  in  bellies  in  them,  in  like 
manner  as  the  ore  is  found  in  the  bearing  veins ; 
and  thefe  barren  hard  foils  begin  and  end  in  a 
narrow  or  thin  edge  at  the  extremities,  and  fwell 
out  gradually  in  the  middle  of  the  belly,  exaftly 
as  the  ore  does,  and  the  checks  or  twitches  are 
the  fame  in  the  barren  as  in  the  bearing  veins. 
Sometimes  a thin  rib  of  the  fpar  or  rider  they 
contain  leads  through  the  twitch,  and  fometimes  , 
a thin  (licking  of  clay,  or  elfe  the  fides  of  the 
vein  are  found  fqueezed  clofe  together,  as  defcrib- 
ed  before. 

This  fpecies  of  big  bellied  veins  are  as  often 
found  foft  as  hard  j but  the  foft  bellies  are  much 
more  difficult  to  defcribe  than  the  hard,  and  like- 
wife  more  difficult  to  work. 

The  foft  foils  found  in  the  bellies  of  this  fort  of 
vein,  are  much  the  fame  as  we  defcribed  in  the 
foft  and  wide  regular  vein ; and  the  ore  is  found 

in 


f 


( 31°  ) 


in  them  much  in  the  fame  manner,  excepting  that 
there  is  no  regular  riJbs  found  in  thefe  bellies. 
The  ore  in  thefe  wide  and  fpacious  cavities  or  bel- 
lies of  thefe  foft  veins,  is  generally  found  in  glebes 
or  irregular  malfes,  frequently  of  a glebous,  round- 
i£h,  or  oval  figure,  and  of  as  various  dimenfions 
as  can  be  imagined,  furrounded  with,  and  buried 
in  foft  foil. 

I obferved  of  the  hard  veins  of  this  defcription, 
that  the  bellies  of  ore,  or  of  fpar  or  rider  in  them, 
fwell  out  fometimes  to  feveral  yards  wide  in  the 
middle  of  the  belly  ; but  fome  of  the  cavities  or 
bellies  of  the  foft  ones  prove  a great  deal  wider. 
It  is  no  uncommon  thing  in  North  Wales,  and 
many  other  places,  to  find  the  foft  openings  in 
this  fort  of  vein  fwell  out  to  an  enormous  wide- 
nefs,  fo  as  fometimes  to  make  it  difficult  to  find 
the  real  fides  of  the  vein,  and  fometimes  the  real 
fides  are  ffiaken  and  loofe,  occafioned  by  the  foft- 
nefs  of  the  foil  within  the  real  fides  yielding  to 
the  preffure  of  the  fides.  Working  thefe  foft 
veins  is  the  mofi;  difficult  part  of  mining.  There 
is  no  advancing  a foot  in  thefe,  without  advanc- 
ing fquare  timbers  as  far  as  they  go,  in  form  of 
a trance  or  palfage  in  a houfe ; each  pair  of  which 
timbers  are  compofed  of  two  door-cheeks,  or 
fide-pofts,  and  of  a lintel  and  fol«-tree. — 
The  miners  hand  within  this  fquare  timber  when 
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they  work,  and  ftill  fet  more  timber  as  they 
make  room  for  it.  This  is  expenfive,  trouble- 
fome,  and  dangerous,  if  they  have  not  good  Ikill 
in  fetting  the  timber,  for  the  foil  is  generally 
quite  foft  and  loofe ; and  being  commonly  mixt 
with  leffer  and  greater  glebes  and  maffes  of  ore 
and  ilone,  the  whole  will  frequently  rufh  down 
with  violence  before  their  timber  to  a greater 
height  than  they  incline.  A fkilful  miner  does 
all  he  can  to  prevent  the  foil  from  running  or 
wafhing  down  before  his  timbers,  by  driving  in 
polins  or  (harp  pointed  flakes.  He  enters  thefe 
above  the  lintel  or  head-tree,  and  without  the 
fide-pofts  of  his  fbremofl:  pair,  and  with  his  mal- 
let drives  them  forward,  pafl  the  fquare  timbers, 
into  the  foftnefs ; and  if  a mafs  of  ore,  or  any 
other  hard  fubftance,  retards  the  point  of  one  of 
his  polins,  he  draws  it  out  of  the  way  with  his 
pick ; and  w^hen  the  end  of  his  polin  is  freed,  he 
drives  again  until  it  is  far  enough  up  ; and  when 
they  are  all  driven  as  far  up  or  forward  as  is 
wifhed,  he  then  works  out  room  to  fet  another 
pair  within  thofe  polins,  and  enters  another 
courfe  of  polins,  and  fo  on  ; and  whether  they 
advance  horizontally,  fink  down,  or  rife  upwards 
in  thefe  foft  places,  they  mufl  do  all  with  fquare 
timbers,  which  is  very  troublefome  and  expen- 
five  5 but  it  frequently  happens  that  the  ore  is  fo 
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plentiful  and  good  in  thefe  veins  as  abundantly 
to  compenfate  all  this  trouble  and  expence. 

I hinted  above  that  thefe  fpacious  bellies  in 
foft  veins  frequently  contain  glebes  and  malTes 
of  ore  of  various  fizes.  ' Sometimes  thefe  glebes 
of  ore  are  pretty  large,  and  the  concavity  of 
the  vein  pretty  full  of  them,  intermixed  with 
a leffer  qua!ntity  of  foft  friable  mineral  foil,  and 
fometimes  there  is  lefs  or  more  fpace  between 
moft  of  the  glebes  ; in  which  cafe  the  miners  have 
a confiderable  quantity,  and  fometimes  a great 
quantity  of  the  foft  foil  to  work  out,  in  propor- 
tion to  the  quantity  of  ore  produced.  In  fome 
parts  of  thefe  veins  they  meet  with  very  large  and 
very  fmall  glebes  of  ore,  and  with  all  the  inter- 
jnediate  fizes,  exaftly  as  they  are  found  in  the 
wide  and  foft  regular  veins  defcribed  above,  ex- 
cepting that  no  regular  ribs  of  ore  are  found  in. 
thefe  irregular  bellied  veins  and  it  is  not  un- 
common to  find  in  the  foft  opening  of  one  of 
thefe  irregular  vein?  a fingle  mafs  of  ore  fo  large 
as  to  take  a confiderable  time  to  work  it  out,  and 
to  prove  a great  treafure  to  the  proprietors. 

Thefe  enormous  mafl'es  of  ore  are  by  fome 
miners  called  bellies  of  ore  ; but  properly  fpeak- 
ing,  the  belly  is  the  hidden  dilatation  or  opening 
afunder  of  the  fides  of  the  vein  to  a great  width, 
and  when  they  contract  or  come  together  again 
as  fuddenly. 
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The  glebes  of  ore  found  in  the  foft  bellies  of 
thefe  irregular  veins  are  commonly  folid  and 
good,  that  is  to  fay,  pure  and  unmixed  with  fpar 
and  other  heterogeneous  matter  ; and  fuch  pure 
and  folid  glebes  coll  but  little  trouble  and  ex- 
pence in  dreffing  and  preparing  the  ore  for  the 
furnace,  and  they  generally  yield  a good  produce 
in  fmelting.  But  they  are  not  always  fo  rich, — 
fometimes  fpar,  &c.  is  mixed  with  them,  which 
makes  it  necelfary  to  break  the  moft  of  them 
down  fmall  in  walking  and  dreffing  the  ore,  and 
then  the  produce  in  fmelting  is  feldom  fo  good, 
as  when  the  malTes  are  folid. 

The  glebes  and  malTes  of  lead  ore  which  are  found 
immerfed  among  foft  foils  in  the  cavities  of  fofc 
mineral  veins,  are  of  various  colours  and  appear- 
ances. In  many  foft  works,  the  glebes  of  ore  are 
all  coated  over  with  a white  fubftance,  refembling 
lime  to  look  at ; but  this  white  fcurf  is  a kind  of 
native  cerufs  or  efflorefcence,  occalioned  by  cor- 
rofion,  or  beginning  decay  of  the  outfide  of  the 
malTes.  Bits  of  lead  ore  lying  a long  time  above, 
gather  the  fame  fort  of  fcurf,  which  undoubtedly 
is  occalioned  by  the  moift  and  corrolive  quality 
of  the  atmofphere  ; and  fuch  bits  expofed  a long 
time  to  the  influence  of  the  external  air,  would, 
in  the  courfe  of  time,  be  altogether  wafted  away 
by  it. 
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In  fome  foft  works  there  is  great  appearance 
that  the  maffes  of  ore  below  ground  are  alfo  cor- 
roded, and  part  of  them  wafted  away,  as  fome  of 
them  are  found  cavernous,  as  it  were  honey- 
comb’d, and  of  very  irregular  figures,  and  of  as 
irregular  fliarp  angles,  points,  and  edges,  the 
cavernous  and  honey-comb’d  places  containing  a 
blackifti  or  a brown  ferruginous  powder  5 and  the 
whole  of  the  foft  foil  in  which  fuch  maffes  are 
immerfed,  has  generally  a ferruginous  appear- 
ance, and  is  of  a lax  and  friable  texture.  Thefe 
feemingly  corroded  maffes  of  ore  are  not  white 
like  thofe  mentioned  above,  but  are  generally  of 
a brown  or  a blaekifh  brown  hue  on  the  out- 
fide. 

i 

Again,  in  fome  foft  works  the  maffes  are  out- 
wardly of  a dull,  tarnilhed,  leaden  hue,  though 
inwardly,  when  broken,  of  a bright,  lively,  blue 
colour^ 

The  moft  beautiful  maffes  of  lead  ore  I ever 
beheld  was  a few  years  ago  at  Leadhills  in  Scot- 
land. I was  then  riding  through  Leadhills  in 
hafte,  without  the  leaft  intention  of  ftopping, 
when  a fingular  appearance  of  a fine,  bright,  yel- 
low colour  at  fome  diftance  attraded  my  notice. 
I went  up  to  it,  and  by  fome  little  breaks  in  fome 
of  the  maffes,  I faw  it  was  a rich  heap  of  fine 
lead  ore,  lying  upon  a Ihaft  head,  juft  as  it  had 
been  drawn  up  out  of  the  works,  which  ore  I 

viewed 


viewed  and  examined  a while  with  great  pleafure 
and  admiration.  The  mafles  of  ore  were  pretty 
large,  few  of  them  being  lefs  than  one  hundred 
pounds  weight,  and  many  of  them  much  more  ; 
and  the  outhde  of  every  one  of  thefe  maffes  was 
of  the  brighteft  and  moft  beautiful  yellow  co- 
lour 1 ever  beheld,  and  the  infide  of  each  of  them 
was  a bright  blue,  the  common  colour  of  lead 
ore.  Upon  nearer  infpeftion,  1 found  this  glori- 
ous colour  to  be  a rich  efflorefcence  upon  moft 
of  the  maifes  ; this  yellow  efflorefcence  was  near 
an  inch  deep,  of  a fibrous,  columnar,  or  ftriated 
texture,  the  columns  fflooting  out  regularly  from 
the  mafs  all  round  it,  and  all  of  them  difpofed 
perpendicularly,  and  parallel  to  one  another.  In 
fflort,  this  was  an  exceedingly  curious,  and  a 
moft  beautiful  natural  produftion. 

Perhaps  there  feldom  has  been  feen  a richer 
bloom  or  flowers  of  lead.  1 was  forry  to  find  no 
perfon  In  fight,  and  time  would  not  allow  of  my 
turning  back  to  the  mining  village,  to  enquire 
about  the  nature  and  appearance  of  the  bed  or 
foil  in  which  this  curious  ore  was  found,  though 
I know  from  the  appearance  of  the  maflfes,  which 
were  all  whole  and  unbroken,  that  it  muft  have 
been  found  In  foftnefs. 

1 have  feen  the  maifes  of  ore  in  fome  foft  works 
of  a red  colour.  This  happens  when  the  clay  or 
foft  foil  contains  fome  iron,  and  there  are  feveral 
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rich  lead  veins  which  hold  a quantity  of  iron, 
both  in  a hard  and  foft  ftate,  and  fometimes  too 
much,  fo  as  to  render  the  lead  unprofitable. 

It  is  not  uncommon  to  fee  the  maffes  of  lead, 
when  drawn  out  of  foft  works,  of  the  fame  co- 
lour as  the  clay,  or  other  foft  foil,  in  which  they 
were  immerfed  in  the  vein ; and  as  the  colours 
of  thefe  are  various,  fo  muft  the  colours  of  the 
malTes  likewife  be  ; but  I have  given  fufficient 
examples,  and,  therefore,  1 will  drop  this  point 
of  defcription. 

The  fecond  fort  of  irregular  rake  vein  I am  to 
defcribe  is  what  1 call  the  waving  vein.  This  is 
a rake  vein  or  perpendicular  filfure,  which  opens 
and  clofes  at  very  fliort  dillances.  This  vein  is 
very  near  a-kin  to  the  laft  defcribed,  as  it  con- 
fifls  of  bellies  and  twitches  ; but  the  twitches 
are  fo  numerous  and  fo  near  to  one  another, 
that  there  is  not  room  nor  diftance  enough  be- 
tween them  for  any  of  the  bellies  in  this  vein  to 
open  out  to  any  confiderable  widenefs  ; and  of 
confequence  this  vein  is  never  fo  rich  and  valu- 
able as  the  laft  mentioned,  there  not  being  room 
enough  in  thefe  fmall  cavities  or  openings  for 
any  confiderable  quantities  of  ore. 

As  the  concavities  or  bellies  in  this  vein  are 
fmall  and  of  fhort  continuance,  fo  it  generally  hap- 
pens that  the  twitches  or  grips  between  them  are 
alfo  Ihort  and  of  no  great  continuance ; and  as 
“ the 
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the  fmall  openings-  and  twitches  are  fo  frequent 
and  near  to  one  another,  1 call  this  the  weaving 
vein,  as  the  fmall  bellies  in  this  vein  refeinble 
the  hollows  between  the  waves  on  a pool  of 
water. 

I have  feen  both  lead  and  copper  veins  of  this 
defcriptlon,  but  I have  not  yet  feen  any  of  them 
produce  a great  quantity  of  ore  ; and  as  the  fides 
of  thefe  veins  are  fo  diftorted  by  being  fo  fre- 
quently fqueezed  together  by  the  numerous 
twitches,  it  generally  happens  that  the  malfes  of 
ore  and  other  mineral  foils  found  in  them  are 
tortuous,  twilled,  and  irregular. 

The  third  irregular  vein  of  the  rake  fpecies  is  that 
which  has  a great  hade  or  hang.  It  may  be  pro- 
per to  obferve,  that  the  perpendicular  figures  or 
rake  veins  have  a greater  or  lelfer  hade  or  flope  in 
proportion  to  the  declivity  of  the  flrata,  as  the 
mineral  filTure,  or  vein,  is  a tranfverfe  feflion  cut 
at  right  angles  to  the  lay  or  bed  of  the  flrata  j 
that  is  to  fay,  when  the  flrata  are  perfectly  flat  or 

horizontal,  then  the  mineral  fiflures  we  call  rake 
♦ 

veins  are  perpendicular  ; when  the  flrata  decline 
one  or  two  degrees  from  the  horizontal  flatnefs, 
then  the  vein  will  have  a flope  of  one  or  two  de- 
grees from  the  perpendicular.  Let  us  fuppofe,  for 
example,  that  the  flrata  cut  by  a rake  vein  have 
a declivity  to  the  fouth  of  two  degrees  from  the 
horizontal  linej  in  that  cafe,  the  vein  which  cuts 
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thefe  ftrata  ■will  hade  or  flope  as  you  fink  down 
in  it  two  degrees  from  the  perpendicular  towards 
the  north.  If  the  ftrata  dip  fuddenly  to  the  fouth, 
'and  the  declivity  is  fo  fteep  as  to  be  near  the 
angle  of  forty-five  to  the  horizon,  the  hade  or  flope 
of  the  vein  ihall  be  upon  the  angle  forty-five  to 
the  north,  or  near  it,'  as  thefe  veins  generally  cut 
the  rocks  at  right  angles  to  the  beds  of  the  ftrata, 
or  nearly  at  right  angles  ; and  therefore  whatever 
be  the  flope  of  the  ftrata  one  way,  the  hade  or 
flope  of  the  vein  is  as  much  from  the  perpendi- 
cular the  other  way ; But  then  it  is  alfo  neceflary 
to  obferve,  that  this  can  only  be  faid  of  that  rake 
vein  which  runs  parallel  to  the  bearing  of  the 
ftrata.  There  are  north  and  fouth,  and  eaft  and 
weft  rake  veins,  or  what  is  called  fo  by  ininers, 
though  they  feldom  anfwer  exactly  to  thefe  points. 
The  one  of  thefe  cut  the  rocks  in  a line  parallel 
to  the  bearing  of  the  ftrata,  and  the  other  cuts 
right  acrofs  the  ftrata  ; fo  that  thefe  two  veins  in- 
terfeft  one  another  at  right  angles.  Now  the  ge- 
neral bearing  of  the  ftrata  in  Great  Britain,  and 
in  all  countries  under  the  fame  parallels  of  lati- 
tude, is  nearly  from  north- eaft  to  fouth -w’^eft,  con- 
fequenfty  the  parallel  veins,  or  thofe  which  cut 
the  rocks  in  a line  parallel  to  the  bearing  of  the 
ftrata,  muft  point  towards  the  fouth-weft  and 
north-eaft,  or  thereby  ; and  thofe  which  cut  acrofs 
the  ftrata,  and  interfe£l  the  parallel  veins,  muft 

run 
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run  or  point  from  the  north -weft  towards  the 
fouth-eaft,  or  thereby,  where  the  bearing  and 
declivity  of  the  ftrata  is  not  warped  by  any  ac- 
cidental caufe,  but  is  fair  and  regularj  according 
to  the  general  courfe  and  lay  of  the  ftrata  in  the 
iiland^ 

There  are  alfo  other  rake  veins,  befides  the  pa- 
rallel and  reftangular  ones,  which  cut  the  ftrata 
in  a diagonal  line  acrofs  the  Hope  or  declivity. 
Thefe  I callj  for  diftinftion  fake,  oblique  veins. 
Now  where  the  beds  of  the  ftrata  are  nearly  flat 
or  level  with  the  horizon,  all  thefe  three  veins  may 
ftand  nearly  perpendicular  ; but  where  the  ftrata 
have  a great  hang  or  declivity,  the  parallel  and 
the  oblique  veins  will  likewife  have  a great  hade 
or  flope  the  contrary  wayj  though  the  rectangular 
vein,  or  that  which  cuts  the  ftrata  in  a right  line 
acrofs  the  bearing,  may  be  nearly  upright,  when 
the  others  have  in  courfe  a great  hade^  The  veins 
I call  oblique  cut  the  ftrata  in  all  directions  acrofs 
the  flope ; of  confequence,  they  either  come  into 
or  interfeCt  the  parallel  and  the  right-angled  veins 
in  all  directions.  I fliall  have  occafion  to  examine 
the  courfe  of  the  oblique  vein  hereafter  j and 
therefore  I will  drop  that  part  of  the  hiftory  of 
it  here,  and  will  proceed  to  give  fome  account 
of  fuch  rake  veins  as  have  a great  hade  or  flope. 

I obferved  before,  that  the  right-angled  veins, 
that  is,  fuch  as  cut  the  ftrata  right  acrofs,  or  in  a 

right 


( 3*0  ) 

right  line  from  crop  to  dip  of  the  ftrata,  are 
generally  more  upright,  or  nearer  the  per- 
pendicular pofition,  than  the  parallel  and  ob- 
lique veins.  I explained  before,  that  thefe  laft  4 
mentioned  veins  are  nearly  upright  only  when  the 
ftrata  they  cut  are  near  the  horizontal  pofition ; 
but  when  the  ftrata ' hang  confiderably  towards 
any  point,  the  parallel  and  oblique  veins  have  alfo 
a confiderable  hade  or  flope,  nearly  in  proportion 
to  the  declivity  of  the  ftrata;  and  it  is  thefe 
two  veins  that  come  under  the  defcription  of  fuch 
rake  veins  as  have  a great  hade  or  flope,  and 
therefore  deferve  to  be  called  irregular  veins. 
Thefe  veins  are  generally  very  troublefome  to 
work,  on  account  of  their  great  hade,  and  of  the 
irregularity  of  the  hade,  as  thefe  veins  frequently 
vary  the  flope  ; and  befides  the  frequent  variation 
of  the  flope  or  hade  of  thefe  veins,  which  is  of  it- 

I 

felf  a fujfficient  irregularity,  the  two  fides,  or  hang- 
er and  ledger  of  thefe  veins,  are  alfo' generally  very 
irregular.  The  hanging  or  upper  fide  of  them 
fometimes  rifes  up  into  a concavity,  quite  out  of 
the  regular  flat  courfe  of  it,  and  fometimes  again 
it  falls  down  to  a convexity,  and  if  the  rock,  which 
is  the  fubjedt  matter  of  this  fide,  happens  to  be 
any  way  lax  or  tender,  then  this  hanging  fide 
comes  to  be  very  troublefome,  expenfive,  and  dan- 
gerous, and  requires  much  timber,  to  fupport  it, 
even  where  the  vein  may  be  called  hard  ; and  if 

the 
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•the  vein  happens  to  be  foft,  it  is  ftill  worfe  to  fup- 
,port  this  hanging  fide.  The  ledger,  or  lower  fide 
of  this  vein,  is  alfo  irregular,  falling  into  conca- 
vities, and  rifing  up  to  convexities. 

The  natural  hade  or  Hope  of  thefe  veins  makes 
them  abundantly  troublefome  to  work,  and  thefe 
additional  irregularities  of  the  fides  make  them 
ftill  worfe.  The  greatefl:  and  moft  peculiar  diffi- 
culty in  working  >thefe  veins,  is  in  getting  the 
work  out  of  them ; but  as  I ffiall  perhaps  have 
occafion  to  mention  them  again  in  another  part 
.of  this  work,  in  order  to  enquire  into  the  bell 
methods  of  bringing  out  the  work,  1 will  dif- 
mifs  them  here,  after  obferving,  that  thefe'irregu- 
larities  of  the  great  degrees  of  Hope,  and  of  the 
convexities  and  concavities  of  the  hanging  and 
ledger  fides,  are  over  and  above  the  irregularities 
met  with  in  other  rake  veins,  fuch  as  bellies^ 
twitches,  &c. 

I have  dwelt -the  longer  upon  the  hlftory  of  the 
rake  vein  or  perpendicular  filfure,  l^ecaufe  it  is 
the  moil  common  and  frequent  of  all  veins,  and 
almoft  the  only  one  as  yet  wrought  in  Scotland. 
1 ffiould  now  proceed  to  the  hiftory  of  the  pipe 
vein;  but  before  I begin  with  it,  I think  it  is 
proper  for  me  to  give  a brief  account  of  fome  of 
the  firings,  and  other  partial  veins  which  branch 
VOL.  I.  S f out 
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out  from  the  principal  ones,  as  thefe  properly  be- 
long to,  and  accompany  the  rake  veins. 

A firing,  in  mining,  is  a difcontiiiued  vein  or 
mineral  fiffure,  which  flies  out  in  a right  line,  but 
with  an  acute  angle  from  the  principal  continued 
vein ; and  when  it  has  llretched  in  that  line  to  an 
indeterminate,  though  no  great  diltance,  it  then 
terminates  in  a point,  and  is  fqueezed  out  to  no- 
thing by  the  two  fides  coming  clofe  together,  co- 
alefcing,  and  having  no  marks  or  veftige  of  a 
vein  ; pr  in  other  words,  it  is  really  the  one  end 
of  the  crack  or  fiflTure,  and  further  forward,  the 
flratum  or  rock  is  whole  and  unbroken.  The 
other  end,  as  hinted  already,  joins  the  principal 
vein  fomewhere,  and  comes  into  one  fide  or 
other  of  it  in  an  acute  angle,  but  does  not  .crofs 
it ; if  croflTes  the  vein,  and  is  found  quite 
through  upon  the  other  fide,  ii  is  not  a firing, 
but  an  oblique  or  diagonal  vein.  When  a firing 
has  really  joined  and  is  come  into  a vein,  they 
are  afterwards  in  that  line  no  more  two  but  one  ; 
the  line  of  the  firing,  and  the  firing  itfelf,  being 
lofl  in  the  vein,  and  the  vein  only  continues  the 
line  of  bearing.  Thefe  firings  flie  out  from  the 
veins  in  all  dire£lions,  though  always  diagonally  j 
and  they  are  fometiraes  as  rich,  and  1 have  feen 
them  for  a fhort  time  even  richer  than  the  vein 
itfelf  j but  they  at  lafl  fqueeze  out,  and  come  to 
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nothing  at  a lefs  or  grea'-.er  diftance.  The  reft 
of  the  hiftory  and  defcr\puc.n  of  a firing  is  the 
fame  as  that  of  a rake  vein  o-  veins  as  above,  to 
■which  I refer,  to  prevent  tedious  and  unprofitable 
repetition. 

There  is  another  fpecies  of  ftrhg  which  has  no 
relation  to,  nor,  perhaps,  is  not  rear  any  vein  at 
all.  This  fpecies  of  firing  is,  p-operly  fpeaking, 
an  imperfedl  difcontinued  vein,  vhich  neither  puts 
down  to  any  confiderable  depth,  nor  does  it  flretch 
forward  to  any  confiderable  difltnce  upon  the  line 
of  bearing  either  way  ; neverthelefs  it  may^  for  a 
fliort  time,  look  as  well,- and  produce  as  good  ore, 
and  other  mineral  foils,  as  a real  continuous 
vein. 

The  mining  field  In  the  ifland  of  Ifla,  upon  the 
weft  coafl  of  Scotland,  is  remarkable  for  a great 
number  of  thefe  firings,  or  imperfedt  difcontinu- 
ous  mineral  fiffures  ; fome  hundreds  of  which 
produced,  and  now  contain,  fome  fmall  quantity 
of  good  lead  ore,  and  yet  certainly  come  to  no- 
thing at  the  depth  of  a few  feet,  or  a very  few 
fathoms,  and  at  no  great  diftance  in  the  line  of 
bearing ; and  that  not  by  a twitch  and  fuch  a coa- 
lefcence  of  the  fides  of  the  vein  as  will  open  a-- 
gain  further  forward  in  the  line  of  bearing,  which 
is  an  accident  cpmmon  to  all  veins,  but  adlually 
by  the  difcontinuance  of  the  crack  where  the 
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flvata  appear  as  whole  as  a ^lumber  of  unbroken 
planks  lying  one  abo^e  another. 

As  I have  named  :he  illand  of'Ifla,  it  may  not 
be  unprofitable,  and  it  may  gratify-  the  curious, 
to  give  a brief  Hllory  of  the  mining  field  in  that 
illand.. 

The  raining  feld  in  Ilia  is  wholly,  or,  at  leaft, 
chiefly  comprehended,  or  included  in  a patch  of 
liineflone  j I call  the  limeftone  of  Ifla  a patchy  be- 
caufe  it  covers  but  a fmall  part  of  the  illand. 
I'he  lime  field  irt  ifla  is  compact,  or  nearly  as 
broad  as  long,  and  is  fomewhere  about  ten  miles 
over  every  way  y but  perhaps  the  world  does  not 
contain  a patch  of  Hone  of  any  kind  which  exhi- 
bits a greater  number  of  mineral  veins  ; and  it  is- 
remarkable,  that  they  almoU  all  bear  fome.  good- 
lead  ore  quite  up  to  the  day. 

The  lirrie  rock  in  Ifla  is  moftly  bare,  excepting 
tufts  of  grafs,  and  little  fpots  of  arable  ground* 
about  half  an  acre  lefs  or  more  jhere  and  there. 
The  fuperficies  of  the  lime  rock  being  fo  generally 
feen,  has  given  opportunity  for  difeovering  fuch 
a vafl;  number  of  mineral  veins  : Among  thefe 
there  are  a great  many  north  and  fouth,  and  a 
great  many  eafi:  and  well  veins,  or  what  are  fo 
called,  which  crofs  and  interfeft  one  another 
nearly  at  right  angles  5 and,  moreover,  there  are 
alfo  a great  many  oblique  or  diagonal  veins,  which 

crofs  and  interfeQ  the  others  at  all  manner  of  a- 
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cute  and  obtufe  angles  : And  it  is  worthy  of  re*- 
mark,  that  befides  the  mineral  veins,  there  are- 
alfo  an  innumerable  multitude  of  whin-ftone  dykes,, 
of  all  fizes  and  dimenfions,  which  crofs  and  in- 
terfed  one  another,  and  which  crofs  and  interfedfe 
the  mineral  veins  in  all  manner  of  diredions,  fa 
that  the  whole  patch  of  lime  is  curioufly  cut  and 
divided  into  an  innumerable  multitude  of  com- 
partments, or  angular  pieces  of  all  dimenfions  and 
figures,  only  that  none  of  them  can  be  very  large^ 
Some  of  the  whin-dykes  are  not  a foot  thick, 
others  are  two,  four,  or  fix  feet  thick,  and  again 
feveral  of  them  are  eight,  ten,  or  twelve  feet,  and 
fome  few  a great  deal  thicker.  Many  of  thefe 
dykes  or  ribs  of  ft  one  run  parallel  to  one  another, 
and  crofs  and  interfedt  one  another.  Great  num- 
bers of  thtSe  ribs  of  ftone  rife  up  into  ridges  a- 
bove  the.furface  of  the  ground,  the  lime  being 
weathered,  decompofed,  and  waftied  away  from 
both  fides  of  them,  and  the  whin  being  very  hard, 
ftands  the  weather  better  than  the  fuperficies  of 
the  lime.  I have  ftood  upon  an  eminence  or  ri- 
fing  ground  there,  and  feen  fome  fcores  of  thefe 
whin- dykes  in  my  view,  crofting  and  interfedting 
one  another  in  all  diredlions.  The  quality  of 
thefe  whin-dykes  is  generally  a fpecies  of  that 
hard  ftone  which  naturalifts  call  hafalts  ; but  as  I 
am  to  give  the  natural  hiftory  of  the  bafalts, 
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and  of  the  whin-dykes,  in  the  third  part  of  this 
work,  1 will  fay  no  more  about  them  here,  but 
juft  obferve,  that  they  are  all  mineral  veins. 

I am  very  fenlible  that  the  moft  of  miners  will 
ftartle  at  this  obfervation,  and  will  be  loth  to  own 
that  they  are  mineral  veins;  however,  1 expeQ:  to 
make  it  abundantly  evident,  that  they  were  ori- 
ginally the  fame  fort  of  fiflure,  though  filled  after- 
'wards  in  whole  or  in  part  with  matter  foreign 
from  what  is  called  mineral  matter.  1 faid  in 
whole  or  in  part ; and  as  a proof  of  my  being 
right,  ore  has  been  found  upon  one  or  both  fides 
of  thefe  ribs  of  ftone ; as  an  inftance  of  this, 
Charles  Freebairn,  a late  leaffee  of  the  mines  of 
Ifla,  had  a rib  of  folid  lead  ore  for  fome  fhort 
time  about  three  feet,  and  for  a longer  time 
about  two  feet  wide,  running  parallel  ■‘to  one  of 
thefe  ribs  of  ftone  in  the  fame  vein,  and  quite 
clofe  to  it ; and  deeper  down  in  the  fame  vein, 
he  had  a confiderable  widenefs  of  foft  mineral 
foil,  with  fome  lead  ore  in  it,  upon  the  other  fide 
of  the  fame  rib  of  ftone.  I examined  this  vein 
myfelf,  and  inveftigated  the  truth  of  the  circum- 
ftances,  only  1 did  not  fee  the  ore  at  its  full  wide- 
nefs; but  both  the  mafter  and  the  miners  affured 
me  that  they  had  it  fo  wide  fome  time  before  1 
was  there ; and,  moreover,  1 faw  both  ore  and 
mineral  foil  upon  one  fide  of  fome,  and  upon 
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both  fides  of  others,  at  the  furface  of  the  ground 
in  other  parts  of  this  mining  field. 

I obferved  before  that  this  mining  field  con- 
tains a great  number  of  good  north  and  fouth 
veins,  and  likewife  a great  number  of  good  eaft 
ai4  weft  veins,  all  of  which  cut  and  interfed  one 
another  nearly  at  right  angles ; that  there  are 
alfo  a great  number  of  diagonal  veins  which  in- 
terfed  the  others  at  varioao  acute  angles,  be- 
fides  prodigious  multitudes  of  ftring^  and  imper- 
fed  veins,  numbers  of  which  branch  off  from  the 
principal  veins,  and  others  are  quite  detached . 
from  them ; and  it  is  a true,  but  furprifing  fad, 
that  fome  hundreds  of  thefe  veins,  perfed  and 
imperfed,  have  been  tried,  and  fome  lead,  lefs  or 
more,  found  in  them  all. 

The  phenomenon  of  fuch  prodigious  numbers 
of  fuperficiai  trials  within  fo  fmall  a compafs  of 
ground,  not  above  ten  miles  over,  ftruck  me  with 
furprife,  and,  therefore,  I made  fome  enquiry 
about  it,  and  I was  informed,  that  fome  time  ago 
a company  of  Glafgow  merchants  took  a leafe 
of  this  mining  field,  and  their  method  of  work- 
ing it  was  as  fingular  as  it  was  pernicious  to  the 
future  welfare  of  the  mines.  Whether  I was 
told  that  they  had  any  pradical  miners  there  or 
not,  I do  not  now  remember ; however  that  may 
be,  their  principal  way  of  procuring  ore  was  by 
employing  and  encouraging'  the  peafantry  of  the 
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llland  to  dig  and  raife  the  ore  at  fo  much  per  bing, 
which  is  a certain  weight  or  meafure  ; and  in 
confequence  of  fome  ore  being  feen  at  the  furface 
In  numbers  of  veins,  the  country  people  fearched, 
dug,  and  rummaged  the  whole  face  of  the  min- 
ing field.  They  laid  all  the  veins  open  to  tte 
day,  like  a trench  or  ditch,  where  they  ibund 
any  ore.  In  fome  places  they  did  not  go  down 
above  two  or  three  in  the  veins  and  firings, 
at  moft  not  above  two  or  three  /athoms,  when 
they  generally  came  'to  more  water  than  they 
could  cafi  out  with  a difh ; and  as  they  had  no 
pump,  windlafs,  nor  other  apparatus  for  drawing 
buckets,  they  could  neither  bring  out  the  water 
nor  the  work  to  a greater  depth  conveniently 
than  about  two  or  three  fathoms. 

No  doubt  this  imperfe6t  method  of  rufiic  min- 
ing would  produce  a confiderable  quantity  of 
good  ore  for  the  time  ; however,  it  had  a mofi 
pernicious  effedt  upon  the  mining  field  for  the 
future,  as  they  went  down  every  where  in  ore  as 
deep  as  they  could  for  water  ; and  as  they  cut 
up  the  veins  along  open  to  the  day,  they  are 
now  fo  many  wet  ditches,  which  receive  all  the 
furface  water,  which  conceals  the  ore  they  left 
in  the  foies,  and  it  is  not  eafy  getting  down  to 
examine  it  in  a long  ditch  of  water.  However, 

feveral  of  them  have  been  examined,  and  very 
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good  ore  found  in  fome  pf  the  veins,  and  fmal- 
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let  ribs  of  gdod  folid  lead  ore,  from  three  to  fix 
inches,  have  been  feen  in  the  foies  of  numbers 
of  thefe  fuperficial  old  works. 

I laboured  very  hard  about  three  weeks  in 
the  ifland  of  Ifla,  viewing  and  inveftigating  the 
mineral  appearances,  and  declare  I never  faw,  nor 
do  I ever  again  exped  to  fee,  fo  many  good  and 
regular  veins  fo  near  to  one  another,  in  many  of 
which  good  ore  has  been  found  and  wrought ; 
and  there  is  ore  very  well  worth  beginning  upon 
in  the  foies  of  the  fuperficial  works  above  de- 
fcribed,  in  a confiderable  number  of  very  fine 
promifmg  veins. 

There  are  feveral  rivulets  and  rills  of  water  in 
the  neighbourhood  of  the  mines,  and  good  fitu- 
atioiis  for  refervoirs,  which,  if  properly  made  ufe 
of  for  water  engines,  the  mines  of  Ifla  might  be- 
come very  profitable,  extenfive,  and  durable. 

I beg  leave  to  enter  a caveat  here  againfl;  any 

fufpicions  of  partiality.  I never  faw,  nor  do  I 

« 

know  any  thing  in  the  world  about  the  proprie- 
tor of  the  mines  of  Ifla,  and  I folemnly  declare 
that  any  hints  of  information  conveyed  in  this 
hiftory  fliall  be  abfolutely  free,  independent,  and 
impartial,  and  fuch  as  I think  may  be  ufeful  to 
pofterity. 

I am  fully  convinced  of  the  great  value  of  the' 
lead  mines  now  under  water  in  Cardiganfhire, 
and  the  fouth-wefl  corner  of  Montgomery  {hire;, 
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and,  therefore,  I fhall  hereafter  give  fhort  hints 
concerning  them,  merely  to  point  out  where  a 
treafure  lies  hid,  which  can  be  of  no  farther  ufe 
to  me  than  the  pleafure  of  endeavouring  to 
make  it  ufeful  to  others,  by  communicating  fome 
hints  of  my  knowledge  of  it,  and  the  hints  about 
the  mines  of  Ifla,  and  all  others,  of  whatever  kind,' 
fhall  proceed  from  the  fame  principles. 

I know  very  well  that  a great  deal  of  the  bell 
lead  in  the  ifland  of  -Britian  lies  under  water,  and 
if  I can  give  any- ufeful  hints  about  fo  valuable  a 
fubject,  1 fhall  in  fo  far  be  an  ufeful  member  of 
fociety,  which  is  an  ambition  I wifh  my  mind  to 
be  poflefTed  with.  . 

I will  now  return  from  this  .digrefTion  to  pro- 
fecute  my  account  of  fome  of  the  fmaller  branches 
of  the  mineral  veins,  and  the  next  I will  take  no- 
tice of  is  a bar. 

A bar  is  a fhort  difcontinuous  vein,  which  runs 
between  two  parallel  veins,  either  right  acrofs,  * 
or  in  a diagonal  diredlion,  and  joins  them  both 
together,  that  is,  the  one  end  of  the  bar  comes 
into  one  of  the  veins,  and  the  other  end  goes  in- 
to the  other  vein  ; but  it  does  not  crofs  either 
of  them — it  joins  them  together  like  the  letter 
H. 

A Jkew  is  an  irregular  difcontinous  mineral 

t 

fiffure^  flriking  out  from  the  principal  vein  in  an 

uncertain 


uncertain  dire£lion,  and  which  generally  lies  in 
a very  llanting  irregular  pofition.  Thefe  im- 
perfeft  mineral  fiflures  feldom  ftretch  out  to 
any  confiderable  diftance  from  the  principal 
veins. 

A hack  is  a mineral  fiffure,  which  often  re^ 
fembles  a fegment  of  a circle.  The  back  breaks 
off  from  the  hanging  fide  of  a vein,  ftrikes  out  .tq 
a lefs  or  greater  diftance,  fetches  a fweep,  and 
comes  back  into  the  fame  vein  again  at  a diftance 
from  where  it  fets  out. 

All  thefe  inferior  branches  produce  good  ore 
in  fome  mines.  Ore  is  fometimes  found  in  fo 
many  fhapes  and  fituations  accompanying  good 
veins,  that  it  would  be  too  tedious  to  trace  it 
through  all  its  various  appearances,  if  they  could 
all  be  recolledted  ; but  as  1 think  the  enquiry  of 
no  farther  confequence  in  this  place,  I will  drop 
it  at  prefent.  Some  part  of  it  will  be  refumed 
when  I come  to  point  out  fome  other  beds  of 
the  metallic  ores  befides  regular  mineral  veins. 

The  fecond  mineral  vein  I am  to  defcribe  is  the 
pipe,  and  the  defcription  of  it  will  be  very  diffi- 
cult, as  the  pipe  at  beft  is  but  an  imperfeft  and 
irregular  vein. 

A pipe  vein  refembles  in  many  refpedls  a huge 
irregular  cavern,  puftiing  forward  into  the  body 
of  the  earth  in  a llanting  or  Hoping  direction  ; but 
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many  of  them  with  very  different  degrees  of  flope, 
fome  of  them  having  but  a few  degrees  of  flope 
from  the  horizontal  flatnefs,  and  others  declining 
precipitately,  fo  as  to  be  nearer  the  perpendicular 
pofition  than  the  angle  forty-five.  In  fhort,  they 
fland  in  all  pofitions  between  the  perpendicular 
and  the  horizontal.  The  pipe,  as  I hinted  above, 
is  like  a huge  irregular  cavern,  which  pufhes  for- 
ward in  a hoping  direction,  until  it  goes  down  out 
of  our  reach,  but  it  is  bounded  by  rock  on  all 
hands.  The  pipe  in  general  does  not  cut  the 
flrata  like  the  rake  vein,  but  it  is  an  opening  be- 
tween them,  fo  that  if  the  lay  or  pofition  of  the 
flrata  is  nearly  horizontal,  fo  is  the  bearing  of  the 
pipe  ; but  if  the  declivity  of  the  flrata  is  preci- 
pitate, the  pipe  Ihoots  down  headlong  almoft  like 
a fliaft.  Some  pipes  are  very  wide  and  high, 
others  are  very  low  and  narrow,  fometimes  not 
fo  large  as  a common  mine  or  drift,  and  others 
again  are  of  all  the  mean  dimenfions. 

Some  pipe  veins  are  hard  and  others  are  foft. 
The  hard  pipes  contain  all  the  variety  of  mineral 
matter  which  is  commonly  found  in  hard  rake 
veins.  Some  of  them  are  found  quite  full  of  fo- 
lid  ore,  others  are  full  of  ore,  mixed  with  fpar, 
rider,  See.  and  fome  again  are  full  of  fpar  or 
rider  without  any  ore  at  all.  Large  pipe  veins 
full  of  folid  ore  are  generally  exceeding  rich. — 

^ Thefe  fometimes  open  out  on  the  right  and  left 
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hand  to  a great  many  fathoms  wide,  and  it  fre- 
quently happens  that  they  rife  up  into  the  roof 
and  fink  down  into  the  foie  at  the  fame  time,  fo 
that  the  pipe,  which  perhaps  was  not  before 
much  above  a fathom  high  and  a couple  of  fa- 
thoms wide,  fwells  out  fuddenly  into  a prodigi- 
ous belly,  w'hich  in  bearing  pipes  proves  im- 
menfely  rich  ; but  all  the  hard  pipes  are  not  of 
fuch  fpacious  dimenfions,  nor  do  they  all  bulge 
cut  into  fuch  large  bellies. 

I faw  them  working  a pipe  in  Denbighfliire  in 
Wales  no  wider  than  a good  mining  fhaft  or 
coal-pit.  This  pipe  was  almofl:  round,  and  it 
put  down  in  the  rock  with  a Hope  between  the 
angle  forty-five  and  the  perpendicular.  It  was 
quite  full  of  good  lead  ore,  about  fix  feet  dia- 
meter. 1 fay  diameter,  becaufe  the  vein  or  pipe 
was  of  a tubular  form,  and  quite  full  of  ore. 

Some  of  the  largefh  loughs  or  open  caverns  de- 
fcribed  above  are  met  with  in  hard  pipe  veins, 
concerning  which  I wall  fay  no  more  here,  as  they 
w'ere  fully  defcribed  before. 

Soft  pipe  veins  are  as  frequently  met  with  as 
the  hard  ; that  is  fuch  as  contain  foft  mineral 
foils  within  the  tubulous  concavity  of  the  pipe. 
The  foft  mineral  foils  have  been  defcribed  above, 
and  therefore  I need  fay  no  more  about  them  here. 
The  foft  pipes  are  found  in  various  pofitions  as 
well  as  the  hard  : Some  put  down  with  a quick, 
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and  others  with  an  eafy  flope.  The  ore  is  found 
imbedded  and  buried  among  the  mineral  foils  in 
the  foft  pipes,  much  in  the  fame  manner  as  in  the 
wide  and  bellied  foft  rake  veins,  as  defcribed  a- 
bove,  to  which  I refer  to  avoid  repetition. 

It  ihould  be  obferved,  that  pipe  veins  do  not  al- 
ways approach  the  tubular  form.  Several  of 
them  are  much  wider  than  they  are  high,  and 
thefe  flatter  pipes  frequently  come  to  be  very  low 
between  the  roof  and  foie,  or  upper  and  nether 
ftratum,  towards  the  ikirts  or  extremities  of  the 
pipe  upon  the  right  and  left  hand.  I will  alfo 
obferve,  that  all  pipe  veins  do  not  continue  be- 
twixt two  diftindt  beds  of  flone.  Sometimes  they 
burft  their  way  .up  through  the  llrata,  and  then 
they  have  a much  greater  flope  than  the  ordinary 
declivity  of  the  flrata  where  they  are  found. 

I will  further  obferve,  that  in  fome  mining  fields 
two  or  more  pipe  veins  run  parallel  to  one  an- 
other, and  fometimes  very  near  to  one  another. 
When  two  or  more  pipes  run  parallel  to,  and 
near  one  another,  they  are  then  generally  flatter 
than  a Angle  one,  and  approach  foraething  near 
the  figure  and  defcription  of  the  ftreeks  or  flat 
veins,  whicja  are  to  come  next  under  confidera- 
tion  ; and  it  fometimes  happens,  that  in  fome 
particular  places  the  Ikirts  or  fides  of  two  parallel 
pipes  approach  fo  near  to  one  another,  as  to  come 
in  contad ; and  in  this  cafe,  when  the  ore  is 
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wrought  out  of  both,  there  will  be  a hole  or 
communication  made  between  them.  This  gene- 
rally happens  only  when  one  of  them  flies  out 
wider  than  ordinary  into  the  fide  next  the  other. 

The  bearing  of  fuch  pipes  as  continue  between 
the  flrata  is  exactly  the  fame  as  the  declivity  of 
the  flrata  j that  is  to  fay,  the  bearing  of  fuch  runs 
parallel  to  a line  drawn  acrofs  the  flrata  from 
crop  to  dip  j and  it  fhould  be  underflood,  that 
pipes  have  no  horizontal  bearing  whatever : 
Their  bearing  is  in  a declining  or  Hoping  line, 
and  is  towards  the  fame  point  of  the  compafs  as 
the  declivity  or  dip  of  the  flrata. 

I obferved  before,  that  the  Hope  of  one  of  thefe 
pipe  veins  is  the  fame  as  the  declivity  of  the  flrata 
in  the  mining  field,  and  even  in  that  part  of  the 
field  where  they  are  found ; and  as  the  declivity 
of  the.  flrata  is  extremely  various,  and  changes  fo 
often,  the  Hope  of  thefe  pipes  mufl  be  as  various 
in  different  places. 

With  refpe6l  to  the  other  fpecies  of  pipe  veins 
which  have  burfl  their  way  up  through  the  flrata, 
it  is  more  difficult  to  point  out  their  bearing,  as  ' 
they  generally  dip  down  precipitately,  and  may 
be  faid  to  have  no  bearing  at  all,  as  the  one  end 
dips  down  towards  the  center,  and  the  other  end 
points  up  towards  the  furface ; and  fuch  of  them 
as  do  not  fland  fo  near  the  perpendicular,  feldom 
or  never  run  in  any  flrait  line  whatever,,  but  wind 

downwards 
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downwards  in  a doping  and  in  an  oblique  direc- 
tion. 

Some  parts  of  this  fort  of  pipe  will  fometimes 
put  down  for  a few  fathoms  as  perpendicular  as 
a coal  pit  or  fliaft,  and  not  unlike  a clumfy  round 
or  oval  Ihaft,  both  as  to  figure  and  fize,  and  then 
it  will  turn  away  to  one  fide  or  other  with  lefs  or 
more  dope : It  is  uncertain  which  way  it  will  dope 
until  we  fee  it  in  working ; and  thefe  pipes  fre- 
quently open  and  contradt  again  as  we  go  down 
in  them,  and  fometimes  they  will  fwell  and  belly 
out  to  an  enormous  widenefs,  and,  lower  down, 
they  will  contract  again  as  narrow  as  ever. 

This  fpecies  of  pipe  veins  are  generally  more 
irregular  than  thofe  which  continue  between  the 
ftrata  j but  they  have  this  one  advantage,  that 
they  are  generally  nearer  the  perpendicular 
pofition,  and  therefore  it  is  eafier  to  fink  drafts  in 
them  ; however,  they  do  not  all  put  down  fo  near 
the  perpendicular  pofition  ; feveral  of  them  have 
a great  dope  : But  whether  they  Hand  nearly  up- 
right, or  hang  with  a greater  dope,  they  are  all 
irregular  and  winding  lefs  or  more,  and  they  all 
central:  and  dilate  greatly  in  widenefs  as  we  go 
down  in  them. 

The  next  bed  of  the  metallic  ore  that  comes 
under  confideration  is  the  Jireek,  or  flat,  or  dilated 
•vein,  which  is  the  third  in  the  order  fet  down  of 
thofe  I call  principal  veins.  Neither  this  nor  the 
’ pipe 
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pipe  can  come  under  the  denomination  of  mine- 
ral fiflures,  as  in  fad  they  are  no  fiflures  at  all. 
The  flat  or  dilated  vein  is  a fpace  or  opening  be- 
tween two  flrata  or  beds  of  ftone,  the  one  ot  which 
lies  above,  and  the  other  below  this  vein,  in  like 
manner  as  the  roof  and  pavement  of  a ftratum  of 
coal  are  above  and  below  that  coal.  When  the 
flrata  between  which  this  vein  is  found  lie  nearly 
parallel  to  the  horizon,  the  vein  is  likewife  in  the 
fame  horizontal  pofition  ; and  when  the  flrata  va- 
ry from  the  horizontal  pofition,  the  dilated  vein 
varies  likewife  with  the  fame  degree  of  declivity  ; 
and  this  of  neceflary  confequence,  as  this  vein 
does  not  burft  the  flrata,  but  always  continues 
between  the  fame  two  beds  of  flone. 

Thefe  flat  veins  lie  between  the  flrata  in  fome 
refpeds,  as  feams  of  coal  are  found  ; at  the  fame 
time  I mufl  obferve,  that  there  is  no  further  re- 
femblance  between  them,  than  that  they  are  both 
found  between  the  flrata,  and  that  they  have 
exactly  the  fame  horizontal  or  declining  pofition 
as  the  flrata  of  the  place  where  they  are  found  : in 
thefe  refpeds  they  are  to  be  inveftigated  upon  the 
fame  theory  as  the  flrata  or  feams  of  coal ; and 
there  is  alfo  this  further  refemblance,  that  thefe 
veins  are  fubjed  or  apt  to  be  interrupted,  broken, 
and  thrown  up  and  down  by  dykes,  flips,  and  ' 
other  interruptions  of  the  regular  flretch  or  plane 
pofition  of  the  flrata,  in  the  fame  manner  as  in 
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the  feams  of  coal,  with  this  difference  only,  •viz.. 
that  in  working  coal  thefe  interruptions  are  gene- 
rally real  troubles,  and  getting  over  them  is  fo 
much  pure  lofs  of  money  and  time  ; whereas,  on 
the  contrary,  when  they  are  met  with  in  work- 
ing a flat  vein,  they  often  prove  a great  advantage, 
as  they  are,  in  fa£t,  other  mineral  veins  of  diffe- 
rent denomination  and  defcription  ; fo  that  as  often 
as  thefe  interruptions  are  met  with  in  the'flat  vein, 
it  is  an  adventitious  increafe  of  the  reality,  or,  at 
leafl,  the  chance  of  meeting  with  more  treafure  in 
the  fame  field.  In  other  refpefts,  the  theory  of 
the  flat  vein  and  the  feam  of  coal  are  widely  dif- 
ferent : The  feam  of  coal  preferves  an  equal  thick- 
nefs  betwixt  roof  and  pavement,  and,  in  fa£l,  is 
a flratum  fully  as  regular  as  any  of  the  ftrata 
above  and  below  it ; whereas,  on  the  contrary, 
the  flat  or  dilated  vein  is  only  an  opening  or  fpace 
between  the  ftrata,  of  very  unequal  depth  or  height, 
which  fpace  is  always  filled  with  mineral  matter. 
Sometimes  thefe  flat  or  ftrata  veins,  as  they  might , 
be  called,  open  wide  betwixt  the  roof  and  foie,  or 
lid  and  foie,  which  openings  contain  a variety  of 
mineral  matter  foft  and  hard,  and  generally  with 
a leffer  or  greater  mixture  of  ore,  and  not  unfre- 
quently  the  whole  fpace  is  filled  with  good  folid 
ore.  The  flat  or  ftrata  veins  are  frequently  dif- 
covered  by  finking  or  working  downwards  in  the 
rake  veins  j and  when  it  fo  happens,  it  is  reckon- 
ed 
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ed  a lucky  accident,  as  they  can  turn  off,  and  work 
away  horizontally  in  it,  with  the  fame  fhaft,  ^c. 
if  it  be  found  rich  enough.  In  fome  mining  fields 
they  actually  do  work  in  the  perpendicular,  and 
in  the  horizontal  or  flat  veins  at  the  fame  time, 
and  with  the  fame  fhafts,  engine,  or  level,  &c. 

Thefe  flat  veins  found  between  the  ftrata  are 
difcovered  in  fome  mining  fields  in  feveral  fpecies 
of  (tone  ; but  they  are  mofl:  frequently  found  in 
limeftone  lying  either  in  a horizontal  or  declining 
pofition. 

Some  Englifli  miners  call  the  flat  veins  Jireeks  ; 
and  when  they  have  both  a rake  vein  and  one  of 
thefe  in  the  fame  field,  they  diftinguifli  them  by 
the  appellations  of  the  vein,  and  the  Jlreek,  By  the 
word  Jlreek  they  mean  ftretch,  or  a vein  between 
the  ftrata  which  ftretches  or  fpreads  in  a horizon- 
tal pofition.  But  thefe  veins  are  not  all  found 
in  the  horizontal  pofition  : I have  feen  great 
numbers  of  them  in  a declining  pofition,  which 
muft  neceffarily  be  the  cafe,  as  thefe  veins  are 
always  found  between  the  ftrata,  and  are  them- 
felves  in  reality  imperfed:  ftrata,  and  therefore 
they  muft  of  neceffity  have  the  fame  declivity  as 
the  ftrata,  which  is  found  in  all  degrees  between 
the  vertical  and  the  horizontal  pofition. 

I have  feen  a great  many  of  thefe  veins  in  ar- 
gillaceous ftrata  of  the  mountain  rocks,  in  which 
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the  vein  itfelf  is  frequently  nothing  elfe  but  a 
foft  argillaceous  flratum,  often  containing  nodules 
or  maifes  of  pyrites,  fpar,  quartz,  and  other  ftones, 
which,  upon  breaking,  are  found  to  hold  a lefs  or 
greater  quantity  of  lead  ore ; and  fometimes  thefe 
foftifh  argillaceous  veins  contain  nodules  and  maf- 
fes  of  good  folid  ore  ; notwithftanding,  1 believe 
thefe  argillaceous  ftrata  veins  feldom  hold  fo  much 
ore  as  to  be  worth  working,  at  lead  not  near  the 
furface.  It  is  common  in  fome  places  to  fee  thefe 
argillaceous  ftrata  veins  of  various  dimenfions, 
from  a few  inches  up  to  feveral  yards  thick;  how- 
ever, when  the  clay  is  ftrong,  and  of  a cohefive 
quality,  I would  not  advife  much  trial  to  be  made 
in  them;  but  if  it  be  lax,  and  of  a friable  texture, 
with  fome  ore,  let  them  follow  their  own  incli- 
nation. 

I obferved  before  that  the  flat  or  ftrata  veins 
are  not  cracks,  fiffures,  or  gaflies  in  the  ftrata  like 
the  rake  veins,  but,  on  the  contrary,  they  are  al- 
ways found  between  the  ftrata,  and  are  them- 
felves  imperfefl  ftrata,  or  at  leaft  each  of  them 
occupies  the  place  of  a ftratum,  fo  that  there  is 
a very  wide  difference  in  the  theory  of  thefe  two 
fpecies  of  veins,  the  rake  vein  being  always  a 
longitudinal  fiffure,  or  break,  acrofs  the  ftrata  in 
fome  line  of  diredlion,  in  which  cafe  the  vein  is 
the  chafm  or  fpace  between  the  fides  of  that  lon- 
gitudinal fradlure  ; whereas,  on  the  cont^ary, 
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the  ftreeks  or  flat  vein  in  this  cafe  is  a fpace  be-' 
tween  two  layers  of  ftone,  which  fpace  is  gene- 
rally filled  with  fome  niineral  matter  or  other : 
But  notwithftanding  this  wide  difference  in  the 
theory  or  natural  hiftory  of  thefe  two  fpecies  of 
veins,  they  frequently  have  a very  flriking  like- 
nefs  and  agreement  in  their  internal  contents,  ap- 
pearance, and  accidents.  The  flat  or  flrata  veins 
open  and  clofe  as  well  as  the  rake  veins.  Some- 
times the  flratum,  which  is  the  immediate  roof 
or  lid  of  this  vein,  comes  down  and  joins  clofe 
to  that  below  it,  to  that  degree,  that  there  is  per- 
haps no  fpace  left;  between  them,  and  little  or  no 
veftige  of  a vein  left ; and  thefe  twitches,  or 
coming  together  of  the  roof  and  foie  of  the  vein, 
will  continue  to  a lefs  or  greater  diflance,  and 
the  vein  be  entirely,  or  in  part,  fqueezed  out 
from  betwixt  the  two  layers  of  flone,  as  is  found 
in  the  rake  veins  when  they  check,  or  their  fides 
clofe  together.  Sometimes  the  ftrata  veins  will 
continue  of  a moderate  and  pretty  regular  height 
between  the  roof  and  foie  for  a confiderable  ex- 
tent, and  at  other  times  the  roof  and  foie  come 
together,  and  open  again  at  fliort  difiances.— 
Sometimes  the  fpace,  which  we  may  call  the 
concavity  of  the  vein,  is  but  low  betwixt  the 
roof  and  foie,  fo  that  when  the  ore  is  worth 
working,  part  of  the  roof  or  rock  above  it  mufl: 
be  worked  away  with  the  or^,  to  give  the  workmen 
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room  to  advance  ; and  at  other  times  they  open 
wider  or  higher,  fo  as  to  give  room  enough  for 
a good  body  of  6re  ; and,  again,  they  fometimes 
open  up  to  an  enormous  height,  which  may  be 
called  the  bellies  of  thefe  veins. 

The  ftreek  or  dilated  veins  are  found  both 
hard  and  foft : Some  of  the  hard  ftreeks  contain 
a good  body  of  folid  ore,  others  produce  ore 
mixed  with  fpar  or  vein-flone,  rich  or  poor ; 
and  fome  of  them  again  are  found  to  hold  no- 
thing but  fpar  and  vein-ftone,  without  any  ore 
at  all.  LelTer  and  greater  bellies,  with  loch-holes, 
or  open  cavities,  with  other  accidents  and  altera- 
tions, are  found  in  thefe  veins,  which  in  many 
refpedls  refemble  the  rake  veins. 

In  foft  ftreeks  the  ore  is  fometimes  found  in 
large  bellies,  but  more  frequently  in  flattifli  glebes 
or  mafles,  generally  lying  nearer  the  foie  than 
the  roof.  The  ore  in  thefe  ftreeks  often  lies 
In  large  irregular  cakes  upon  the  floor  or  foie, 
and  fometimes  feveral  layers  of  thefe  cakes  are 
found  one  above  another,  quite  up  to  the  roof  of 
a wide  vein,  with  foftnefs  or  foft  mineral  foil  fil- 
ling up  the  fpaces  between  the  feveral  flattifli 
mafles. 

It  fliould  be  obferved  here,  that  when  two  or 

more  checks  or  twitches  in  a ftreek  or  flat  vein 

run  in  a parallel,  and  are  at  no  'great  diftance 

from  one  another,  the  ftreek  has  then  a near  af- 
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liiiity  to  one  fort  of  the  pipe  vein  ; and  when  the 
parallel  twitches  are  near  one  another,  and  that 
the  concavities  of  the  veins  rife  to  a confiderable 
height  between  the  twitches,  they  go  then  under 
the  denomination  of  pipes,  and  are  worked  as 
fuch. 

I obferved  above  that  the  fpecies  of  pipe  which 
approaches  in  affinity  to  the  ftreek,  lies  between 
the  ftrata,  and  confequently  it  has  the  fame  de- 
clivity as  the  ftrata  in  like  manner  as  the  ftreek, 
fo  that  there  is  an  original  affinity  between  them ; 
and  when  twitches  run  parallel  in  one  of  thefe 
ftreeks,  and  the  roof  rifes  up  to  a confiderable  ca- 
vity between  the  'twitches,  the  name  pipe  is  then 
impofed  by  the  miners. 

The  fourth  and  laft  capital  vein  I am  to  take 
notice  of  is  the  accumulated  ’vein.  The  accu- 
mulated,  concentrated,  or  conical  vein  is  not 
eafily  defcribed,  fo  as  to  convey  a diftind  idea 
of  it.  Some  of  thefe  veins  approach  to  the  form 
of  vaft  irregular  cones,  and  others  of  them  have 
fome  refemblance  of  inverted  cones  ; but  what- 
ever is  the  form  or  defcription  of  this  mineral 
repofitory,  it  generally  contains  a great  deal  of 
wealth  in  a fmall  compafs  of  ground,  the  accu- 
mulated veins  being  often  the  richeft  of  all 
jniqes. 

Some  of  thefe  veins  refemble  many  of  the  pipes, 
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efpecially  in  their  dipping  down  from  the  furface, 
either  in  a perpendicular  or  a flanting  direction, 
and  in  their  being  encompafled  and  circiimfcrib- 
ed  on  all  fides  with  rock  ; but  they  frequently 
differ  from  the  pipes  in  the  interior  ftrudture. 

The  accumulated  vein  is  often  pretty  narrow, 
or  of  fmall  diameter  above,  and  very  wide  at  a 
confiderable  depth  down  from  the  furface,  and 
fome  of  them  open  out  to  an  enormous  width 
as  we  fink  down  in  them  ; but, the  moll;  remark- 
able diflindlion  between  the  accumulated  and  the 
pipe  vein,  which  lays  mofl  claim  to  our  atten- 
tion, is  the  radiated  form  of  the  accumulated  or 
concentrated  vein,  from  which  a number  of  leffer 
veins  or  mineral  fiffures  diverge  every  way,  and 
ftretch  fome  of  them  to  a lefs,  and  others  to  a 
greater  diftance,  from  the  main  pipe  or  body  of 
the  vein,  in  which  the  one  end  of  each  of  them 
concenters. 

The  main'  pipe  or  fliaft  of  the  accumulated 
vein  refembles  the  infide  of  a glafs-houfe,  and 
the  vaft  capacity  of  this  vein  is  often  ftored  with 
a rich  body  of  metallic  ore,  frequently  bedded 
with  foft  mineral  foil ; but  the  veins  and  branches 
which  join  this  pipe,  and  diverge  from  it,  com- 
monly refemble  our  rake  veins  or  perpendicular 
mineral  fiffures. 

When  the  ore  is  worked  out  of  a large  accu- 
mulated vein,  it  exhibits  then  a horrid  frightful 
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gulph,  fome  of  which  may  be  fifty  or  fixty  feet 
wide  below,  and  they  are  often  worked  down  to 
a great  depth  from  the  furface. 

From  fome  of  thefe  large  pipes,  a greater, 
and  from  others  a lelTer  number  of  nearly  per- 
pendicular filTures,  or  rake  veins,  meet  and  join  in 
one  common  center,  from  which  they  fpread  out 
like  radii  to  different  diftances  from  the  main 
body  of  the  lhaft  or  cone  ; and  thefe  branches 
frequently  contain  rich  bodies  of  ore,  which  be- 
ing worked  out,  there  remains  a vaft  perpendi- 
cular arched  concavity,  as  it  were  hanging  upon 
pillars.  ' , 

We  fee  nothing  in  the  pra6lice  of  mining  fo 
awful  and  tremendous  as  the  excavations  of  large 
accumulated  veins  which  have  proved  rich  in  ore. 
The  mining  fliaft  or  pit  for  drawing  up  the  ore, 
and  for  defcending  down  to  the  works,  is  fre- 
quently funk  upon  the  vertex  of  the  cone  or  per- 
pendicular pipe  ; and  when  you  defcend  fifty  or 
fixty  fathoms  down  in  one  of  thefe  fliafts,  you 
are  then  fwinging  in  the  middle  of  an  immenfe 
void  fpace,  where  you  fee  on  all  fides  rugged, 
frightful,  hanging  rocks,  which  threaten  to  fall 
upon  you  and  crufh  you  to  pieces. 

The  excavations  of  the  perpendicular  irregu- 
lar pipe  is  of  itfelf  fufficiently  frightful ; but 
when  the  hanging  rocky  fides  of  the  main  pipe 
or  cone  are  flitted  up  and  opened,  perhaps  from 
VOL.  I.  X X top 


' 


( 34<^  ) 

top.  to  bottom,  in  many  places,  in  working  the 
collateral  diverging  veins,  the  appearance  of  this 
horrible  gulph  is  then  frightful  beyond  defcrp- 
tion. 

There  is,  as  I hinted  above,  a variety  of  the 
accumulated  vein,  which  refembles  an  irregular 
inserted  cone,  or  the  infide  of  a glafs-houfe  turn- 
ed upfide  down.  Some  of  thefe  inverted  veins 
are  found  fo  wide  at  the  furface  of  the  earth  as 
to  fhew  at  firfl  no  appearance  of  a vein,  as  no- 
thing is  feen  but  a prodigious  nefl  or  heap  'of  ore 
huddled  together,  until  they  go  down  fome  con- 
fiderable  depth,  and  then  they  find  that  the  ore 
is  circumfcribed  or  encompaffed  by  rock  on  all 
fides  j and  though  they  continue  confiderably 
wide  for  fome  time,  yet  they  grow  narrower  by 
degrees  as  we  go  down  in  them,  until  at  laft  they 
contract  within  the  compafs  of  one  of  the  ereft 
pipe  veins  which  was  defcribed  above. 

I obferved  before  that  fome  of  the  pipes  are 
very  irregular  at  all  depths, — fometimes  (landing 
nearly  eretl,  and  then  turning  to  a ((anting  or  a 
fpiral  pofition  5 and  wdth  rcfpeft  to  the  capacity 
of  this  pipe,  it  is  fometimes  of  middling  w'idenefs, 
but  it  often  contrads  and  dilates  again  to  various 
dimenfions,  and  it  fometimes  opens  out  to  an 
enormous  w'idenefs  far  down  as  w'ell  as  at  the 
furface,  when  it  may  be  called  an  accumulated 
vein. 

When 
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Wlien  a rich  pipe  is  very  wide  at  the  furface. 

It  may  with  propriety  be  called  an  accumulated 
vein,  as  there  is  often  found  in  it  a great  body  of 
ore  as  it  were  accumulated  in  one  heap,  and 
fometimes  more  treafure  is  raifed  out  of  one  of 
thefe  in  a few  weeks  than  can  be  raifed  out  of 
fome  mines  in  fo  many  years,  even  when  they 
are  worked  with  profit,  and  the  accumulated  ore 
is  generally  raifed  with  very  little  trouble  and 
colt,  in  comparifon  of  the  expence  of  working 
other  veins. 

Many  iron  mines  are  found  in  this  deferiptlon 
of  vein,  and  lead  and  copper  ores  are  frequently 
found  and  worked  in  both  the  forts  of  accumu- 
lated veins.  A rich  body  of  lead  ore  was  found 
and  worked  In  Yorkfliire  a few  years  ago.  In 
what  I call  the  inverted  conical  vein. 

4 

I have  now  gone  through  the  natural  hiftory 
and  defcription  of  the  four  capital  mineral  veins, 
viz.  the  Rake,  the  Pipe,  the  Flat  or  Streek,  and 
the  Accumulated  Veins,  which  are  the  principal 
repofitories  of  the  greatefi:  quantities  of  the  me- 
tallic and  other  mineral  ores  which  are  found 
within  the  furface  of  the  earth. 

It  may  be  proper  for  me  now  to  remark,  that 
mineral  veins  are  fubjedl  to  feveral  accidents 
which  rnay  be  met  with  in  the  progrefs  of  work- 
^ ing  them  j fome  of  which  are  the  more  dan- 
I ' gerous. 
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gerous,  as  they  may  oceafion  the  entire  lofs  of  the 
vein,  if  not  well  unclerilood  ; and,  therefore,  as 
it  is  poffible  that  thefe  troubles  or  accidents  are 
not  in  general  fufficiently  well  known  to  all  min- 
ers, they  deferve  to  be  inveftigated  with  atten- 
tion. 

I 

I obferved  before,  that  the  flat  vein  found 
between  the  fl:rata  is  frequently  liable  to  be 
twitched  or  fqueezed  out  by  the  roof  and  foie 
coming  together  ; however,  when  there  is  no 
more  in  the  cafe  than  the  roof  and  foie  coming 
together,  they  are  always  fure  that  the  vein  will 
open' again,  and  that  they  will  find  it  again  upon 
the  fame  level  when  they  have  cut  through  that 
fqueeze  or  twitch. 

Thefe  grips  or  twitches  are  generally  pretty  well 
underftood  by  all  miners  who  have  been  ufed  to 
flat  works ; but  there  are  other  troubles  or  acci- 
dents incident  to  thefe  veins,  which  are  not  fo  ge- 
nerally known,  nor  fo  eafily  inveftigated ; fuch 
as  dykes,  flips,  gaflies  or  chafms,  the  fame  as  are 
met  with  in  the  coal  and  coal  ftrata,  which  have 
been  defcribed  already ; neverthelefs  it  may  be 
neceflary  to  touch  briefly  at  what  has  be§n  faid 
about  them.  The  flat  ftrata  veins,  as  well  as  the 
feams  of  coal,  are  fubjeft  to  be  interrupted  and 
cut  afunder  in  two  by  whin  dykes;  by  dykes  of 
fofter  ftone  ; by  dykes  of  imperfeft  indigefted  - 
{tone ; by  all  forts  of  clay  dykes,  wet  and  dry, 
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hard  and  foft,  homogeneous  and  compound,  or 
mixed  wirh  gingle,  gravel,  &c.  They  are  alfo 
fubjedb  to  be  interrupted  and  cut  afunder  by 
gafhes  or  chafms,  which  are  generally  filled  with 
gingle,  gravel,  fand,  or  loofe  earthy  matter ; and 
all  thefe  dykes  and  gaflies  are  wide  or  narrow, 
difficult  or  eafy  to  get  over,  the  fame  as  in  the  coal 
and  coal  metals,  which  were  particularly  explained 
before.  The  ftrata  or  flat  vein,  as  well  as  the 
feam  of  coal,  will  be  found  nearly  upon  the  fame 
level  upon  both  fides  of  the  dyke  and  of  the  gafli, 
Thefe  veins  are  alfp  liable  to  be  interrupted 
and  thrown  off  their  level  by  flips.  When  a flat 
or  ftreek  vein  meets  with  a flip,  it  is  thrown  fo 
many  feet  or  fo  many  fathoms  up  or  down  in  the 
fame  manner  as  the  flmta  of  coal,  where  this 
trouble  was  fully  explained.  There  is  one  ma- 
terial circumftance  relating  to  this  flip  in  the  ftreek 
vein,  which  I hinted  at  before^  and  will  how  re- 
peat, viz.  that  a flip  in  the  ftrata  is  always  a rake 
vein  ; a flip  in  the  feam  of  coal,  in  any  other 
ftrata,  and  in  the  ftreek  vein,  is  one  and  the  fame 
thing  in  natural  hiftory  ; therefore,  when  a ftreek 
vein  is ' thrown  up  and  down  out  of  its  ordinary 
courfe  and  level  by  one  of  the  rake  or  flip  veins, 
if  the  flip  happens  to  be  tolerably  wide,  and  to 
9ontain  more  or  lefs  of  ore,  or  of  other  promifing 
mineral  foil,  there  is  in  that  cafe  no  danger ; it 
jnay  rather  be  thought  ..a  lucky  accident.  They 
' ' * will 
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will  follow  the  rake  vein  up  or  down  whichever 
way  it  has  thrown  the  ftreek,  until' they  meet  with 
it  again,  and  then  they  wall  work'  one  or  both  of 
them  as  they  prove  or  appear  w'orth  while : But, 
on  the  contrary,  if  the  flip  or  rake  vein  happens 
to  be  in  a clofe  twitch  in  that  place,  and  that  the 
two  Tides  of  the  fradure  are  clofe  and  cemented 
together,  in  that  cafe  there  is  the  more  danger,  as 
fome  of  thefe  flips  which  throw  the  ftrata  and  fiat 
veins  a great  many  fathoms  up  or  down,  are  fo 
clofe  and  imperceptible,  that  the  fiat  vein  may  be 
loft  without  the  utinoft  attention.  Exactly  the 
fame  circumftances  will  happen  in  this  cafe  in  the 
flat  vein  as  in  the  feam  of  coal.  When  the  vein 
is  cut  off  by  the  flip,  and  thrown  off  its  former 
level,  the  miners  meet  firm  ftone  in  the  face,  in- 
ftead  of  their  vein,  and  when  they  touch  this 
ftone,  if  they  are  perfed  in  the  hiftory  of  the 
ftrata  above  and  below  their  vein,  and  recognize 
the  ftone  w'hich  meets  them  in  the  face,  they  can 
then  make  a near  guefs  how  far  the  vein  is  thrown 
off  its  former  level.  If  it  is  a down  flip,  the  vein 
will  be  cut  off  firft  above  ; but,  on  the  contrary, 
if  it  be  an  up  flip,  it  will  be  cut  off  firft  below', 
and  there  will  always  be  fome  fmall  veftige,  al- 
though it  fhould  be  no  more  than  a clofe  joint,  to 
fhew  v/hich  way  the  vein  is  gone ; and  if  they 
are  not  well  verfed  in  the  hiftory  of  the  ftrata  or 

binds,  fo  as  to  know  how  far  the  flat  vein  is 
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thrown  off  its  former  level,  it  may  be  neceffary  to 
follow  the  clofefl:  vife  or  veftigia,  to  prevent  the 
danger  of  lofing  th.e  ft  reek  or  flat  vein.  The  flreek 
will  ftretch  or  fpread  out  again  upon  the  other 
fide  of  a flip,  much  the  fame  as  it  did  before  it 
was  cut  off  by  it,  and  as  the  feam  of  coal  does. 
Thefe  breaks  and  irregularities  of  the  ftrata  are 
generally  diftreffmg  troubles  in  the  coal  field  ; but 
they  do  not  always  prove  fo  diftreffmg ' in  the 
mining  field  ; very  often  they  are  quite  the  con- 
trary. 

1 have  feen  ore  upon  one  and  upon  both  fides 
of  a whin  dyke.j  and  the  gafhes  in  the  ftrata,  as 
I hinted  before,  often  prove  very  rich  and  fruit- 
ful veins. 

The  flips,  which  are  the  moft  numerous  of  all 
the  interruptions  of  the  regularity  of  the  ftrata, 
are  alfo  the  moft  frequent  and  the  moft  durable 
mineral  veins  ; fo  that  there  is  always,  at  leaft, 
the  greater  chance  the  more  of  thefe  interruptions 
of  regularity  are  found  in  a mining  field  ; and  for 
a very  good  reafon^  becaufe  they  are  all  mineral 
veins. 

The  rake  veins  or  perpendicular  fiffures  are 
frequently  checked  and  interrupted  by  the  fides 
of  the  vein-  coming  clofe  together,  both  in  the 
longitudinal  and  perpendicular  dlre^ftion,  and  in 
thefe  checks  or  twitches,  the  fides  of  the  fiffures 
are  often  fo  clofely  preffed  together,  that  every 

veftige 


veftig^  of  a mineral  vein  is  fometimes  entirely 
fqueezed  out.  However,  as  I obferved  before, 
experienced  miners  are  fo  accuflomed  to  thefe 
twitches,  that  they  are  feldom  in  danger  of  lofing 
the  vein  by  them,  excepting  in  the  cafe  of  their 
continuing  too  long,  there  being  always  fome 
dark  imperfed  veftige  of  the  courfe  of  the  vein 
remaining,  though  fometimes  hardly  perceptible, 
the  two  iides  being  clapped  as  clofe  together  as 
the  joint  between  two  hewn  ftones. 

But  the  perpendicular  filfures  are  fubjefl  to 
ftart  afide  to  the  right  or  left  hand,  which  is  fome- 
times a more  dangerous  accident  than  the  tv'itch, 
becaufe  it  is  in  general  iefs  known.  When  one 
of  thefe  perpendicular  filTufes  Harts  afide,  the  mi- 
ner meets  folid  Hone  in  the  face,  and  the  vein  is 
fqueezed  out  as  effedually  as  in  the  common 
twitch  ; and  there  is  moreover  this  material  diffe- 
rence between  the  two  accidents,  •viz.  When  a 
vein  is  fqueezed  out  by  a twitch,  there  remains 
fome  vefligia  of  the  vein  keeping  the  fame  per- 
pendicular pofition  and  longitudinal  bearing  as 
the  vein,  before  it  came  into  the  twitch  ; on  the 
contrary,  when  a vein  is  cut  off  by  a ftart, ‘or  is 
thrown  to  one  fide,  there  remains  not  the  leaft 
joint  or  veftige  of  the  vein  in  the  line  of  its  for- 
mer courfe,  becaufe  it  is  ftarted  or  thrown  into 
one  fide  quite  out  of  its  former  courfe  or  bearing, 
and  therefore  it  is  the  more  neceffary  in  this  cafe 
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to  examine  carefully  all  circumftances  relating  to 
this  accident,  as  there  are,  I am  perfuaded,  many 
good  and  valuable  veins  entirely  loft  by  it. 

A rake  vein  is  thrown  off  its  courfe  to  one  fide, 
either  by  a clofe  joint,  or  an  open  crofs  vein..;— 
When  a vein  is  ftarted,  or  thrown  out  of  the  line' 
of  bearing,  into  one  fide  or  other,  it  is  proper  to 
obferve,  that  the  vein  in  this  cafe  is  always  cut 
off  by  a fmooth  joint,  which  meets  the  miners 
full  in  the  face,  inftead  of  the  vein ; and  behind 
this  joint,  ftraight  forward  in  the  line  of  bearing, 
there  is  not  the  leaft  appearance  of  the  vein,  be-  ' 
caufe  it  is  thrown  off  its  former  courfe  to  one 
fide. 

There  is  one  circumftance  relating  to  this 
back  joint  which  deferves  to  be  particularly  re- 
marked, viz.  If  the  vein  is  ftarted  into  the  right 
hand  fide,  the  fmooth  joint  which  cut  it  off  meets 
the  miner  firft  on  the  left  hand  ; and,  on  the 
contrary,  if  the  vein  is  thrown  into  the  left  hand 
fide,  the  joint  meets  the  miner  firft  on  the  right 
hand,  and  fo  paffes  on  in  a flanting  or  diagonal 
direction  acrofs  the  forehead  of  the  mine,  or  fore- 
moft  working  in  the  vein  : That  is  to  fay,  a per- 
pendicular joint  or  clofe  fiffure  throws  the  vein 
to  one  fide  in  the  manner  now  defcribed ; but 
if  it  be  a horizontal  joint,  it  comes  in  acrofs  the 
foies,  and  the  vein  is  cut  off  horizontally,  and 
loft  entirely  in  the  former  diredtion  as  they  work 
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downwards  m it.  The  fame  rule  is  to  be  ob- 
ferved  with  refpeft  to  the  horizontal  ftart,  as  the 
perpendicular,  to  know  into  which  fide  the  vein 
is  thrown,  flipped,  or  flarted.  The  horizontal 
ftart  or  joint  which  cuts  off  the  vein  as  they  go 
down  in  it,  does  not  cut  it  off  in  the  true  ho- 
rizontal line,  but  leans  or  declines  a little  fome 
way  ; and  we  may  be  certain  that  the  vein  is  gone 
the  fame  way  as  the  joint  declines.  I believe 
it  may  be  afferted,  that  the  horizontal  ftart  throws 
the  vein  generally  into  the  hading  or  ledger  fide. 
It  deferves  further  to  be  noticed,  that  this  ftart- 
ing  joint  not  only  croffes  the  whole  breadth  of  the 
vein,  where  it  is  cut  off,  but  alfo  continues  its 
courfe  forward  into  the  fide,  until  it  comes  to  the 
vein  again,  to  which  it  infallibly  leads,  if  properly 
followed  ; and  when  the  vein  is  found  again  upon 
the  other  fide  of  this  ftart  or  flip,  it  always  re- 
fumes the  fame  pofition,  and  bears  to  the  fame 
point  of  the  compafs,  as  it  did  before  it  was  loft, 
or  thrown  afide  by  the  ftart.  It  will  frequently 
happen  in  this  cafe,  that  the  miners  will  cut  thro’ 
the  fmooth  joint  which  is  the  veftige  of  the  ftart; 
and  for  a while  they  may  work  forward  into  Iblid 
rock,  in  the  line  of  the  bearing  of  their  vein,  until 
they  begin  at  laft  to  fufpeft  they  have  loft  their 
vein.  If  there  is  a final  1 firing  of  ore,  or  a ft  rake 
of  good  mineral  foil  in  the  joint  or  vife  of  the 
ftart  where  it  enters  the  fide,  there  is  not  fo  much 
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danger  in  this  dilemma  as  if  it  was  only  a clofe 
joint,  as  in  that  cafe,  when  they  are  tired  of  work- 
ing forward  in  clean  rock,  without  the  leaft  ap- 
pearance of  recovering  their  vein  there,  they  will 
come  back  to  the  appearance  they  left  behind  in 
the  fide,  which  they  will  better  examine,  and  it 
will  lead  them  to  their  vein. 

• But  if  the  veftige  of  the  ftart  is  only  a clofe 
joint,  without  any  thread  of  ore,  &c.  and  they 
continue  their  mine  or  drift  forward  through  it,  it 
is  a hundred  to  one  if  ever  they  take  any  further 
notice  of  it,  and  fo  the  vein  is  for  ever  loft.  I 
verily  believe  that  many  valuable  rich  veins  are 
loft  by  this  accident ; for  it  is  a certain  faft,  that 
thefe  joints  or  veftigia  of  the  ftart,  are  often  very 
clofe,  and  may  be  ^thought  not  worth  noticing, 
which  is  my  reafon  for  being  fo  . particular  on  this 
point. 

In  the  Q.d  place,  when  a vein  ftarts  into  the  fide, 
off  its  former  courfe,  by  the  interpofition  or  inter- 
fection  of  another  open  vein,  the  courfe  and  bear- 
ing of  which  is  acrofs  the  former  vein,  which  is 
cut  off  and  thrown  afide,  there  is  not  much  dan- 
ger, as  the  miners  will  readily  follow  the  interpo- 
fing  or  interfering  vein,  whether  it  bears  much 
ore  or  not.  It  muft  have  either  ore  or  a quan- 
tity of  mineral  foil,  if  it  be  an  open  vein,  that  is, 
if  it  is  a vein  of  any  tolerable  capacity  or  wide- 
nefs,  and  the  miners  will  follow  the  foil  without 
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ore  in  fearch  of  their  loft  vein,  efpecially  if  it 
was  rich.  If  the  new  vein  which  interfefts  the 
old  one  proves  rich,  in  that  cafe  it  is  a lucky  ac- 
cident. 

Having-  finiftied  the  natural  hiftory  of  the  mi- 
neral veins,  it  now  remains  for  me  to  fay  fome- 
thing  about  the  other  beds  of  the  metallic  ores, 
and  the  principal  of  thefe  are  two,  viz.  y?,  -juch 
as  are  found  in  the  heart  and  body  of  the  folid 
rock  and  ftrata,  blended  and  mixed  with  the  fub- 
ftance  and  compofition  of  the  ftone : And 
Such  as  is  found  upon  the  face  of  the  rock,  which 
is  called  float  ore.  Gold  is  chiefly  found  in  lar- 
ger and  fmaller  grains,  blended  with  the  compofi- 
tion of  the  rock  ; and  this  is  the  original  caufe  of 
fo  much  gold  duft  and  grains  being  found  in  the 
beds  of  rivers.  The  fuperficies  of  moft  rocks 
' weather  and  decompofe,  and  the  decompofed  parts 
are  carried  down  by  the  currents,  and  lodged  in 
the  beds  of  rivers,  and  the  grains  and  particles  of 
gold  being  the  moft  ponderous,  there  is  propor- 
tionally lefs  of  it  carried  forward  to  the  borders  of 
the  ocean  than  of  the  lighter  fand  and  gravel.  It 
deferves  to  be  remarked,  that  gold  found  mixed 
in  the  body  and  compofltion  of  the  folid  rock 
differs  in  quality  or  condition  from  lead  or  copper, 
hz,  found  blended  in  the  rock  in  the  fame 
manner.  In  v/hatever  place  or  quantity  gold  is 
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found,  it  is  always  found  pure  and  malleable ; 
whereas  the  ocher  metals  are  generally  found 
mineralized,  that  is,  mixed  with  fulphureous, 
arfenical,  and  other  heterogeneous  particles, 
which  renders  them  brittle  and  impure.  , 

Lead,  copper,  and  other  ores  are  alfo  found  in 
the  compofition  of  the  folid  body  of  the  rock  in 
many  places.  I faw  a ftupendous  rock  at  a 
place  called  Gwmyflwith  in  Cardiganlhire,  Wales, 
where  fo  much  lead  ore  was  found  blended  in 
the  rocks  as  to  be  worth  working  and  feparating 
from  the  rock. 

The  rocks  at  Cwmyfliwith  are  of  great  height, 
and  I faw  the  miners  there  fufpended  in  ropes 
blafting  down  the  rocks  with  gun-powder,  and  a 
number  of  bufy  hands  breaking  and  knocking 
the  compounded  (lone  and  ore  fmall,  in  order  to 
get  the  ore  feparated  by  walking  and  drefling. 
I believe  it  always  happens,  that  where  ore  is 
found  blended  in  the  compofition  of  the  folid 
rock,  any  joints  and  fiffures  found  in  fuch  rocks 
generally  Contain  fome  ore.  This  was  the  cafe 
at  Gwmyflwith.  They  had  been  working  fome 
veins  and  firings  long  before  I was  there,  and 
they  were  then  going  on  with  fome  of  them. 
But  it  was  the  working  away  the  folid  rock  that 
llruck  my  attention  mofl.  - 

This  part  of  the  work  was  extenfive,  and  in 
feveral  places  they  had  cut  down  the  rock,  fo  as  to 
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have  very  good  footing  for  {landing  to  work.  It 
is  fo  long  fince  I faw  this  Angular  work,  that  I 
do  not  now  remember  certainly  of  what  fpecies 
' or  quality  the  rocks  at  Cwmyflwith  are ; but  I 
flill  retain  an  imperfect  idea  that  they  are  lime- 
flone. 

One  of  the  mofl  remarkable  rocks  containing 
metallic  ore  in  the  compofition  of  the  ftone,  is 
the  breccia  or  pudding-ftone  at  Gourock,  near 
Greenock  in  Scotland. 

Both  lead  and  copper  are  often  found  in  lime- 
flone  quarries  in  feveral  countries,  and  1 have 
feen  very  good  lead  and  copper  in  lime-ftone  in 
feveral  parts  of  Scotland  ; but  I do  not  know 
how  it  happens  that  few  of  thefe  fine  appearances 
in  lime-flone  have  ever  turned  to  good  account 
in  this  country  as  yet.  The  copper  ore  found  at 
Currie  in  the  Lothians,  and  at  Kiifern  in  the 
Highlands  of  Rofsfliire,  is  remarkably  good  in 
quality,  and  trials  have  been  made,  and  copper 
raifed  in  both  places,  but  not  in  quantity  fufficient; 
and  yet  the  copper  at  Kiifern  is  of  the  beft  qua- 
lity, perhaps,  of  any  ore  of  that  metal  found  in 
Britain  ; and  very  good  lead  ore  has  been  difco- 
vered  in  lime-ftone,  and  partly  wrought,  near 
Bathgate,  and  alfo  near  Calder  and  other  parts 
of  Scotland,  but  not  with  fuch  fuccefs  as  to  con- 
ftitute  durable  mines,  excepting  at  Bathgate, 
where  they  formerly  had  a rich  lead  mine,  which 
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yielded  a confiderable  quantity  of  filver,  and  the 
mines  of  Ifla,  which  are  in  lime-ftone,  which  I 
am  confident  would  be  both  durable  and  lucra- 
tive, if  they  were  carried  on  with  Ikill  and  fpirit. 
Whether  the  ore  in  lime-ftone  in  other  parts  of 
Scotland  is  really  not  to  be  found  in  fufficient 
quantity,  or  that  the  trials  upon  the  feveral  ap- 
pearances have  been  made  without  fufficient  Ikill, 
or  fpirit,  or  perfeverance,  I will  not  pretend  to 
determine;  though  there  is  great  room  to  fufpeft 
that  this  is  the  cafe,  when  it  is  fo  well  known  that 
many  lading  and  profitable  mines  are  found  in 
lime-ftone  in  other  countries.  Mineral  ores  are 
found  blended  in  the  compofition  of  feveral  other 
fpecies  of  rock  befides  lime-ftone.  The  tin 
grains  are  found  mixed  in  the  compofition  of  the 
granite  ftone  in  Cornwall ; and  I have  feen 
lead  ore  mixed  in  the  compofition  of  the  moun- 
tain rocks  in  the  Highlands  of  Scotland  and  fe- 
veral other  places. 

There  is  a fingular  ftratum  of  ftone  near  Loffiy- 
mouth,  in  the  fhire  of  Moray,  of  about  eight^feet 
thick,  which  is  compounded  of  feveral  fpecies  of 
hard  and  fine  ftones  of/  various  beautiful  colours. 
This  ftratum  is  a fpecies  of  breccia,  or  pudding- 
ftone,  in  the  compofition  of  which  there  is  blend- 
ed in  fome  parts  of  it,  about  an  eighth  part  of 
good  blue  lead  ore,  of  the  fpecies  called  potter’s- 
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This  curious  bed  of  ftone  lies  in  a horizontal 
pofition,  and  dips  away  towards  the  north,  under 
the  fea,  or  Moray  frith,  with  an  eafy  Hope,  and 
the  lead  is  found  in  larger  and  fmaller  grains  and 
flowers  blended  through  the  whole  body  and 
compofition  of  the  ftone,  in  the  fame  manner  as 
the  fmall  mafles  of  agate,  white  and  coloured 
cryftals,  and  other  fpecies  of  ftone  are  found 
blended  through  the  whole  body  of  the  ftratum. 

I cannot  help  being  perfuaded  that  perfect 
metallic  ores  being  found  in  the  body  and  com- 
pofition of  regular  ftrata  of  lime-ftone,  and  in 
other  folid  rocks,  is  not  only  an  argument,  but  a 
clear  decifive  proof,  that  the  materials  which 
formed  the  feveral  ores,  and  their  intermixed  and 
concomitant  fpars,  were  poured  into  the  veins 
and  taken  up  into  the  compofition  of  the  ftrata 
of  ftone  when  they  were  firft  formed  ; and  al- 
' though  many  fanciful  notions  of  the  fubfequent 
formation  of  folid  ores  in  the  cavities  of  mineral 
veins  may  be  advanced,  it  is  impoflible  to  give 
any  good  reafon  for  feveral  fpecies  of  ore  being 
found  blended  with  rider,  fpar,  and  ftone  in  the 
cavities  of  fuch  veins,  and  in  the  compofition  of 
the  folid  rocks  which  form  the  Tides  of  the  veins ; 
much  lefs  can  good  and  perfe£l  ore,  found  blend- 
ed in  the  body  and  compofition  of  various  ftrata, 
be  rationally  accounted  for,  without  acknow- 
ledging that  fuch  ore  is  coeval  with  the  ftrata, 
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and  veins  In  which  It  is  found ; and  the  float 
ore  found  in  fome  mining  fields  is  a farther  proof 
of  their  being  coeval. 

Float  ore  is  always  found  either  fpread  out 
thin,  or  accumulated  in  hollow  places  upon  the 
fuperficies  of  the  rock,  frequently  with  a bed  of 
clay  above  it,  and  fometimes  a confiderable  depth 
of  gravel  fand  or  earth  above  the  clay.  Float 
ore  is  always  water  worn,  like  flones  and  gravel 
by  the  fea-fide  or  in  a river.  It  is  found  like 
w'ater  w'orn  bullets  and  gravel,  of  all  fizes.  I 
have  feen  in  Flintfhire  rounded  mafles  or  lumps 
of  it  up  to  two  or  three  hundred  weight  and 
more  ; and  in  the  fame  float  fome  of  all  fizes,  . 
down  to  fmall  gravel,  and  part  of  it  fo  fmall  as 
to  go  through  the  fieve  in  waffling,  and  it  is  al- 
ways found  mixed  with  water,  round  flones,  and 
gravel  of  all  fizes. 

Now,  float  ore,  which  is  fo  called  from  its  be- 
ing always  found  floating  upon  the  face  or  furface 
of  the  rock,  is  never  difcovered  higher  nor  upon 
a level  with  the  vein  or  veins  of  that  field,  but 
always  in  lower  ground  near  them,  and  it  is  al- 
ways of  the  fame  quality,  fpecies,  and  grain  as 
the  ore  found  in  the  veins  above,  which  is  a 
clear  proof  that  It  was  torn  off  the  fuperficies  of 
thofe  veins  by  water,  and  that  it  was  agitated 
in  the  water  until  all  the  afperities  and  fharp 
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angles  were  worn  off,  and  until  it  fettled  in  hol- 
low or  level  places  upon  the  furface  of  the  rock, 
from  whence  the  water  could  not  eafily  lift  and 
remove  it  again  ; and  the  clay,  gravel,  earth,  &c.' 
were  afterwards  lodged  above  it  by  the  future 
ftreams  and  agitation  of  the  water. 

1 am  to  make  it  evident  hereafter,  that  the 
ftrata,  and  all  the  phenomena  of  the  flrata,  and 
of  the  fuperficies  of  the  globe,  were  formed  by 
the  waters  of  the  ocean  raifed  to  extraordinary 
high  tides,  and  it  appears  to  me  very  evident 
that  all  1 have  advanced  about  the  metallic  and 
mineral  ores  mull  have  happened  very  early  be- 
fore the  waters  were  fettled  in  the  prefent  bed 
of  the  ocean  fo  low  as  they  are  now  found. 

I am  forry  that  the  natural  hiftory  of  float 
ore,  and  the  methods  of  difcovering  it,  are  not 
more  generally  known,  as  I am  perfuaded  it  is  to 
be  found  in  many  places  which  never  have  been 
fearched,  nor  ever  thought  of.  I have  feen  float 
ore  in  many  places  where  no  trials  were  ever  made 
for  mineral  veins,  or  to  know  if  the  float  was  rich 
or  not.  But  it  r^ay  be  proper  for  me  to  obferve 
here,  that  there  is  a very  material  difference  be- 
tween float  and  flioad  ore,  although  they  are 
both  found  upon  the  furface  of  the  rock.  Shoad 
ore,  fo  called  by  miners,  is  always  found  in  loofe 
malfes  of  all  fizes,  either  in  or  under  the  upper 
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foil,  fometimes  upon  the  top,  baffet,  or  out-crop- 
ping of  the  vein,  but  more  frequently  a little  to 
the  lower  fide,  where  there  is  a declivity,  and 
where  the  vein  croffes  the  flope. 

Float  ore  differs  from  the  fhoad  in  that  the 
former  is  water-worn,  which  the  latter  is  not  j 
and,  moreover,  the  float  ore  is  generally  mixed 
with  water-worn  bullets  and  gravel,  which  the 
fhoad  never  is,  unlefs  it  happens  to  be  wafhed  off 
the  fuperficies  of  the  vein  by  fome  rivulet  or 
flream  of  water.  , 

Shoad  ore  is  a pretty  fure  indication  5f  a vein 
where  it  is  found,  or  a little  above,  but  you  muff 
judge  of  the  diftance  above,  by  the  greater  or  lefs 
acclivity  of  the  flope.  If  the  fide  of  the  hill  is 
very  fteep,  it  may  fljde  a great  way  down  ; but  if 
there  is  but  little  declivity  downwards  from  the 
vein,  the  fhoad  will  be  found  proportionally  at  a 
lefs  diftance.  The  fhoad  ore  is  found  of  all  fizes, 
from  very  large  maffes  down  to  the  fize  of  peafe 
and  finaller  grains,  and  it  is  produced  by  the 
weathering  or  decompofing  of  the  fides  of  the 
vein,  fo  as  to  have  the  ore  (landing  higher  than 
the  fuperficies  of  the  rock,  which  in  time  Aides  off 
where  the  ground  is  doping.  It  is  a common 
thing  in  fome  mining  countries,  for  the  miners  to 
go  a-fhoading,  that  is,  to  go  a-fearching  for  the 
fhoad,  when  they  will  traverfe  rivulets,  gullies, 
fears,  and  other  places  where  the  furface  of  the 
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ground  is  broken,  and  in  fome  places  where  the 
fuperficies  of  the  ftrata  rife  up  to  the  grafs  roots; 
they  will  even  examine  newly  ploughed  land  and 
molehills,  and  not  always  without  fuccefs.  From 
the  hiflory  or  defcription  of  the  float  and  flioad 
ore  already  given,  I have  no  doubt  that  an  intelli- 
gent perfon,  though  no  miner,  will  be  able  to 
diftinguiflr  the  one  from  the  other  ; but  in  cafe 
either  of  them  fhould  be  found,  it  may  be  proper 
for  me  to  point  out  the  proper  methods  which 
fhould  be  taken  to  difcover  the  vein,  bhoad  ore 
is  found  in  rough  irregular  glebes,  or  angular 
maflTes  of  all  fizes,  frequently  coated  with  white 
upon  the  outfide.  When  fuch  happen  to  be  dif- 
covered  upon  a flat  level  piece  of  ground,  a crofs 
trench  fhould  be  cut  to  the  rock  in  the  very  place 
where  it  is  found,  thus  j ; but  if  you  find  it 
upon  a hope,  or  imm.ediately  at  the  foot  of  a Hope, 
then  you  are  to  look  for  the  vein  at  a lefs  or  great- 
er diflance  above,  'in  proportion  to  the  flope  or 
' declivity  of  the  ground.  When  fhoad  is  found 
upon  a flope,  or  at'  the  foot  of  it,  your  firfl  bufi- 
nefs  is  to  look  about  you  upon  all  hands,  to  fee  if 
you  can  difcover  any  other  fymptoms  of  a vein, 
and  if  not,  then  you  mufl;  judge  from  circumftan- 
ces  what  method  you  fhould  chufe  to  difcover 
the  vein.  If  you  find  that  the  cover  upon  the  fu- 
perficies of  the  rock  is  thin,  and  the  diflance  from 
the  place  where  the  fhoad  was  found  to  the  high- 
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cfl:  part  of  the  flope  is  but  fhort,  you  may  begin  a 
cut  to  the  rock  upon  the  fpot  where  you.  found  it, 
and  puih  your  trench  right  up  the  flope,  keeping 
the  furface  of  the  rock  until  you  difcover  the  vein  j 
but  if  you  fliould  fail  to  difcover  the  vein  by  cut- 
ting upwards  in  a right  line,  come  down  again  to 
the  foot  of  your  trench,  and  there  cut  a little  a'crofs, 
in  cafe  the  vein  fliould  run  in  a right  line  up  and 
down  parallel  to  your  cut,  or  in  a diagonal  direc- 
tion, and  you  have  been  a little  to  one  fide  at  firfi; 
fetting  out.  If  the  cover  upon  the  fuperficies  of 
the  rock  is  thick,  it  will  in  that  cafe  be  trouble- 
fome  and  expenfive  to  cut  a long  trench,  and  there- 
fore your  bell  method  is  to  fink  a fmall  fliaft  dowm 
through  the  cover  until  you  come  to  the  folids. 

You  mull  take  particular  notice  of  every 
thing  you  fee  in  going  down  with  this  fliaft,  and 
if  you  find  bits  of  ore,  of  fpar,  or  of  good  whin- 
ftone,  it  is  to  be  fuppofed  that  you  are  ftill  below 
the  vein  ; but  if  you  can  difcover  no  mineral  foil, 
nor  any  fymptom  of  a vein,  neither  as  you  go 
down  nor  in  the  fuperficies  of  the  rock,  you  have 
perhaps  overfhot  the  vein,  and  muft  come  lower 
down,  and  fink  another  fliaft  about  half  way  be- 
tween the  firfl:  and  the  place  where  the  flioad  was 
found  •,  on  the  contrary,  if  you  find  bits  of  ore,  or 
lively  mineral  foil,  in  going  down  with  the  firfl 
fliaft,  in  that  cafe  you  are  to  fink  another  ftill  fur- 
ther up  in  the  line  of  the  firfl,  from  the  place 
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where  the  fhoad  was  found,  and  if  the  fymptoms 
continue  flronger  in  the  fecond  flhaft,  a third,  a 
fourth,  &c.  muft  be  funk,  ftill  keeping  the  line. 
You  may  happen  to  hit  the  vein  in  one  of  thefe 
plttings  j but  there  is  a chance  of  twenty  to  one 
againft  it ; neverthelefs,  if  there  is  either  a good 
fhew  of  ore,  or  of  other  mineral  foils  above  you, 
the  fymptoms  will  increafe  in  quantity  as  you  ad- 
vance nearer  the  vein ; and  therefore  it  is  your 
bufinefs  to  continue  the  pittings  until  you  either 
touch  or  overfhoot  the  vein.  When  you  find 
that  you  certainly  are  above  all  your  fymptoms, 
come  back  half  way  to  the  next  fhaft  containing 
them ; and  if  you  find  them  again  more  plenti- 
ful and  lively,  then  you  fhould  drive  a drift  up- 
wards, keeping  or  bafing  the  face  of  the  rock  in 
the  foie  of  the  drift,  until  you  cut  the  vein ; but 
if  you  mifs  the  fymptoms  in  this  retrograde  ihaft, 
then  you  fliould  drive  the  mine,  as  jiift  now  di- 
reded,  from  the  bottom  of  the  laft  jfhaft  which 
contained  them.  It  fliould  be  carefully  noticed, 
if  all  the  fymptoms  you  once  had  continue  or  not 
as  you  advance  upwards  with  the  line  of  pittings. 
If  fome  of  them  only  continue,  and  you  mifs 
others  which  you  had  below,  there  is  a prefump- 
tion  that  you  have  overfliot  one  vein,  and  that 
there  is  ftill  another  above  you.  In  this  cafe  it 
is  your  bufinefs  to  advance  upwards,  as  already 
direded,  and  to  come  down  again  to  the  lafl;  fliaft 
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which  contained  all  the  fymptoms,  and  drive  a 
drift  from  it  upwards,  until  you  cut  the  vein  which 
you  have  overfliot. 

If  the  fymptoms  Ihould  appear  ftronger,  and 
more  in  quantity,  in  one  fide  of  your  fhafts  than  in 
the  other,  it  is  probable  that  the  vein  runs  up  and 
down  the  flope  parallel  to  your  line  of  pittings. 
In  this  cafe  you  Ihould  go  to  the  fliaft  which  con- 
tains the  moft  and  beft  mineral  matter,  and  drive 
acrofs  upon  the  face  of  the  firm  rock  into  the  moil 
promifing  fide ; and  if  the  fymptoms  increafe  as 
you  advance,  pufli  forward  your  drift  until  you 
cut  the  vein.  1 have  already  obferved,  that  if 
your  profpe6l  is  good,  the  mineral  fymptoms  fliould 
increafe  as  you  advance  nearer  the  vein  with  your 
line  of  pittings.  The  fame  obfervation  will  hold 
in  trenching,  where  the  cover  upon  the  face  of 
the,rock  is  thin  enough  to  admit  of  adopting  that 
method  of  trial,  which  is  the  fimpleil  and  fureil  of 
2my,  where  circumilances  favour  it.  If  the  fymp- 
toms increafe  as  you  advance  with  your  trench, 
you  are  fure  that  the  vein  is  fiill  before  you,  and 
mull  perfevere  while  they  continue ; but  if  they 
appear  ftronger  in  one  fide  of  your  trench  than  in 
the  other,  you  Ihould  cut  lefs  or  more  acrofs  in 
the  promifing  fide,  as  circumftances  encourage 
- you,  keeping  the  forehead  of  your  main  trench 
open,  in  order  to  continue  it,  in  cafe  you  do  not 
fucceed  in  cutting  acrofs. 
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With  refpeft  to  the  float  ore,  I do  not  think 
it  fafe  to  advife  any  method  of  trial  for  the  vein 
' it  originally  came  from,  until  fuch  vein  is  other- 
wife  firfl;  difcovered,  it  being  very  difficult  to 
know  how  far  the  ore  has  been  carried  by  the 
water  before  it  was  lodged  in  its  prefent  bed  ; 
and,  therefore,  I would  advife  a diligent  fearch 
on  all  hands,  efpecially  towards  the  higher 
grounds,  to  fee  if  any  other  fymptoras  of  a vein 
can  be  difcovered  before  you  proceed  to  expen- 
five  trials  for  it.  But  notwithftanding  this  cau- 
tion in  proceeding  to  expenfive  trials  for  the  vein, 
it  is  highly  proper  to  make  trials  upon  the  float 
ore  itfelf,  in  order  to  difcover  what  quantity 
there  is  of  it,  that  you  may  be  able  to  judge 
whether  or  not  it  is  worth  purfuing. 

In  trying  the  float  ore,  it  is  proper  for  you  to 
make  a trench  or  cut  in  it  quite  down  to  the 
furface  of  the  rock,  and  to  pulh  your  trench  for- 
ward the  way  that  mofl:  ore  appears.  It  is  like- 
wife  proper  to  puffi  forward  crofs  cutS’  from  your 
firfl  trench  every  way  where  any  ore  leads  you, 
as  there  may  be  nefls  and  accumulated  parcels 
of  it  lodged  on  either  hand  where  not  expefted, 
' and,  therefore,  it  is  proper  to  follow  every  fymp- 
tom,  and  to  examine  every  probable  fpot,  efpe- 
cially flat  or  hollow  places. 

Float  ore,  and  likewife  fhoad  ore,  may  at  firfl 
be  turned  up  by  the  plough,  and  by  the  fpade  in 
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jnaking  ditrches,  canals,  roads,  &c.  It  may  alfo 
be  difeovered  in  accidental  or  continued  runs  of 
water,  and  in  any  other  places  where  the  furface 
of  the  ground  is  broken. 

Whatever  way  it  may  be  difeovered,  it  is  pro- 
per to  make  trials  upon  it  every  way  by  trench- 
ing to  the  rock,  and  if  the  cover  of  clay,  gravel, 
earth,  or  any  other  loofe  rubbifh  which  lies  above 
the  float  ore,  fhould  be  in  any  place  too  thick  for 
trenching,  in  that  cafe  you  fliould  put  down  pit- 
tings  upon  it  here  and  there,  and  if  a quantity 
of  ore  is  difeovered  worth  working,  you  are  then 
to  judge  whether  you  can  raife  it  cheapeft;  by 
throwing  off  the  cover  which  lies  above,  fo  as  to 
lay  the  whole  ore  bare,  or  by  mining  it  under 
ground,  and  fecuring  it  over-head  with  timber. 
Whatever  method  is  chofen,  as  the  ore  lies  upon 
the  furface  of  the  rock,  it  is  to  be  obferved  that 
there  is  a chance  of  difeovering  a vein  in  trying 
and  raifing  the  float  ore. 

Where  either  float  or  Ihoad  ore  is  found  in  a 
fettle  or  fmall  flat  fpot,  in  the  middle  of  a Hoping 
piece  of  ground,  or  near  the  bottom  of  a Hope, 
there  is  a very  good  method  of  trial,  befides 
trenching  and  pitting,  called  hujhing^  which  is 
often  praclifed  with  great  fuccefs  ; and  where  cir- 
cumftances  are  favourable,  it  is  undoubtedly  the 
moft  effectual,  and  at  the  fame  time  the  mofl  fru- 
gal method  of  trial  in  the  world  for  making  mi- 
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neral  difcoveries ; but  it  is  neceflary  that  feveral 
favourable  circumftances  concur  to  make  hufhing 
convenient.  In  the  jirji  place,  a hope  of  confi- 
derable  declivity  is  abfolutely  neceflary  ; and,  in 
the  fecond  place,  it  is  neceflfary  that  Avater  can  be 
colledled  into  fome  convenient  place  for  making 
a dam-head  or  refervoir  for  the  water,  and  the 
higher  up  fuch  a head  can  be  made  the  better  ; 
but  the  dam  muft  be  /o  fituated  that  you  can 
make  little  collateral  diagonal  cuts  acrofs  the  flope, 
on  both  fides,  to  lead  or  condudt  the  water  from 
fmall  rivulets  or  higher  fprings,  and  aifo  rain 
water,  into  the  refervoir.  If  a little  dingle,  fettle, 
flat,  or  hollow  place  can  be  had  for  the  fite  of 
this  refervoir,  fo  much  the  better,  as  the  head 
can  in  that  cafe  be  made  with  the  lefs  expence 
to  hold  much  water  ; but  where  fuch  a conveni- 
ent fpot  cannot  be  had,  they  are  often  made  upon 
the  inclining  plane  of  the  declivity,  in  the  form  of 
a crefcent.  A large  dam  is  alw^ays  better  than  a • 
fmall  one  if"  it  can  be  had  ; and  where  the  flop- 
ing  ground  to  be  huflied  is  of  any  conliderable 
length  from  the  hulh-dam  down  to  the  bottom  of 
the  flope,  the  refervoir  mull  contain  a confider- 
able  quantity  of  water,  otherwife  its  force  will  be 
fpent  too  foon  before  it  proves  cffedlual  to  carry 
down  the  great  quantity  of  rubbifli  which'  the 
w'ater  will  raife  in  a long  hulh-gutter ; and,  there- 
fore. 
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fore,  if  your  dam  or  refervoir  has  not  a level  area 
for  the  water  to  fpread  upon  a confiderable  fu- 
perficies,  it  is  neceflary  that  the  head  fhould  be 
the  higher,  in  order  to  make  up  in  depth  what 
is  wanting  in  the  length  and  breadth  of  the  piece 
of  water,  I will  only  hint  in  general  that  the 
head  of  this  refervoir  and  the  fluice  muft  be 
wide  in  proportion  to  the  quantity  of  water  to  be 
let  out  at  once,  and  to  the  ftrength  of  water  ne- 
celfary  for  fcouring  the  hufh  gutter. 

From  this  hulh  dam  you  draw  a line  right 
down  the  hill,  unlefs  there  be  fome  hillock  or 
other  obftrudion  by  the  way,  in  which  cafe  you 
muft  draw  your  line  in  fuch  a direction  as  the 
water  will  run  beft  in  a trench  or  hufli  gutter 
when  made.  When  you  have  worked  out  the 
line  of  the  hufh  gutter  all  the  way  down  to  the 
bottom  of  the  flope,  then  you  muft  cut  off  the 
fod  ' or  upper  furface  of  the  ground  out  of  it, 
about  two  or  three  feet  wide,  and  about  a foot 
or  a foot  and  a half  deep,  all  the  length,  to  make 
room  for  it  to  contain  a fmall  run  of  water,  and 
when  the  gutter  is  fo  prepared,  you  muft  let  out 
but  a fmall  quantity  or  run  of  water  at  firft,  in 
proportion  to  the  capacity  of  the  gutter,  and 
when  the  water  is  let  out  the  two  or  three  firft 
times,  the  men  muft  be  divided  at  proper  dif- 
tances  from  one  another,  with  their  tools  in 
their  hands,  to  help  to  loofen  the  earth  for  the 
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water  to  carry  away,  and  to  take  out  obftruftions 
which  may  flop  the  water  and  turn  it  out  of  the 
gutter.  When  the  water  is  all  run  out,  then  flop 
up  the  fluice  again,  and  turn  fuch  big  ftones 
out  of  the  gutter  as  the  water  is  not  able  to 
carry  down,  until  the  gutter  is  wider  and  deeper, 
and  clear  the  gutter  of  all  other  obflruQions 

which  the  water  cannot  remove,  until  it  has 

» 

greater  weight  and  force  than  there  is  room  for 
in  this  (late  of  the  hufh.  Let  the  water  be  en- 
creafed  every  time  it  is  let  out,  in  proportion  as 
the  gutter  wears  deeper,  to  be  capable  of  carry-' 
ing  more  of  it,  and  let  the  men  continue  to  aflift 
the  water  as  long  as  the  gutter  is  fliallow,  and 
it  is  fafe  (landing  upon  the  edges  of  it,  which  it 
is  not  when  the  gutter  is  worn  fo  deep  as  to 
contain  a ftrong  hufti  of  water.  By  only  re- 
moving the  big  ftones  and  other  obftrudions 
after  every  hulh,  the  frequent  application  of  the 
water  will  wear  down  the  gutter  to  a great  depth, 

» generally  without  any  digging  or  farther  trouble 
than  lifting  and  clofing  the,  fluice,  and  keeping 
the  gutter  in  repair.  When  ftones  too  large  for 
turning  out  whole  are  difcovered  in  the  gutter 
while  it  is  (hallow,  they  muft  be  blown  in  pieces 
with  gun-powder ; but  when  the  gutter  is  worn 
deep  enough  to  hold  a ftrong  hu(h  or  current  of 
water,  it  will  carry  down  an  amazing  quantity  of 
ftones  and  rubbi(h  wdth  fuch  incredible  force 
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^and  violence,  that  it  is  impoffible  to  defcrlbe  or 
imagine  without  feeing  it.  The  fteeper  the  decli- 
vity, and  the  longer  the  gutter  is,  the  greater  force 
it  has.  I have  feen  ftones  of  feveral  tons  weight, 

' and  as  big  as  little  huts,  carried  feveral  hundred 
yards  down  a -large  hufii  gutter ; and  the  water 
and  ftones  of  all  fizes  which  the  water  carries 
down,  w^ears  at  laft  not  only  the  furface  cover, 
which  lies  above  the  rock,  but  it  alfo  wears 
dowm,  by  the  friftion  of  the  ftones,  a confider- 
able  depth  of  the  fuperficies  of  the  rock  itfelf, 
and,  of  confequence,  it  muft  difcover  and  wafh 
clean  all  the  veins,  ufeful  and  curious  ftones,  &c. 
which  crofs  the  line  of  that  gutter  in  any  direc- 
tion, by  which  means  valuable  difcoveries  are 
often  made  ; and  where  water  can  be  had,  and 
can  be  properly  ufed,  hulhing  is  by  far  a more 
effectual  method  of  trial  than  either  trenching 
or  pitting.  When  a hufti  is  worn  pretty  deep, 
where  there  is  a weighty  cover  above  the  fuper- 
ficies of  the  rock,  fometimes  great  ftones  or  other 
obftruftions  turn  the  water  to  wear  the  one  fide 
of  the  gutter  more  than  the  other ; and  fome- 
times both  fides  wear,  omdermine,  and  fall  in 
alternately,  until  the  water  is  fpread  fo  wide  in 
that  part  of  the  gutter  that  its  force  is  loft.  In 
thele  cafes  it  is  neceflary  to  turn  the  big  ftones 
to  one  or  both  fides,  fo  as  to  give  the  water  room 
to  run  as  near  as  poflible  in  a ftraight  line,  which 


( 374  ) 

is  the  only  way  to  make  it  fcour  the  bottom  ef- 
feftually. 

But  notwithftanding  all  I have  faid  about 
turning  out  and  removing  ftones  in  the  gutter,  it 
mult  only  be  underftood  that  this  is  necelTary  and 
proper  in  two  cafes,  viz.  to  turn  the  big  Hones  at 
firft,  when  they  are  a real  obftrudtion  before  the 
gutter  is  big  enough,  and  the  flream  of  water  llrong 
enough  to  carry  them  down  ; and  to  turn  them  a- 
fide  afterwards,  to  confine  the  water  in  the  middle 
of  the  gutter.  Excepting  in  thefe  circumllances, 
the  more  ftones  the  water  has  to  carry  down  the 
better  ; and  therefore  when  the  hufh  is  over,  the 
men  fliould  be  employed  to  loofen  the  ftones  out 
of  the  clay,  to  blaft  fuch  of  them  as  are  too  large 
into  finaller  pieces,  all  of  which  fhould  be  left  in 
the  gutter  for  the  next  hufh  to  carry  down,  as 
the  more  ftones  come  down  v^ith  the  water,  the 
fooner  the  clay  and  other  rubbifli  will  be  torn  up 
and  walked  off,  and  the  fuperficies  of  the  rock 
bared  and  worn  down.  When  there  is  a little 
flat,  or  an  eafy  Hope  immediately  below  the  fluice, 
and  that  the  form  of  the  ground  will  otherwife  al- 
low of  it,  two,  or  even  three  hufh  gutters  may  be 
made,  and  fcoured  with  the  fame  refervoir,  by 
turning  the  water  off  to  one  fide  at  firft,  and  giv- 
ing it  a different  direction,  by  which  means  more 
difcoveries  may  be  made,  not  only  of  other  veins, 
but  alfo.  in  other  parts  of  the  veins  difcovered  in 
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the  firft  hufli  gutter  ; as  it  very  often  happens  that 
the  fame  individual  vein  which  proves  barren  in 
one  place,  produces  good  ore  in  another  place  at 
fome  diftance  in  the  line  of  bearing. 

O 

This  method  of  difcovering  mines  by  the  help 
of  water,  in  the  manner  I have  pointed  out,  mull: 
be  very  effeftual  where  the  figure  of  the  ground, 
and  other  circumftances,  are  convenient  for  this 
mode  of  trial  5 and  I like  it  the  better,  as  it  may 
be  faid  to  bare  to  the  bone,  and  Ihew  us  every 
thing  that  is  to  be  feen  in  that  fedion  of  the  hill. 

I will  now  proceed  to  point  out  fome  of  the 
other  appearances  and  fymptoms  of  mineral  veins, 
befides  that  of  finding  float  and  flioad  ore  upon 
the  furface  of  the  ground. 

Mineral  veins  may  be,  and  frequently  are,  dif- 
covered  in  all  places  where  the  fuperficies  of  the 
ftrata  and  rocks  are  to  be  feen,  fuch  as  upon  the 
rocky  fliores  of  the  ocean  and  of  lakes,  in  rocky 
precipices,  in  the  rocky  banks,  and  beds  of  rivers 
and  rivulets,  in  dingles  or  ravines,  and  fears,  and 
in  all  other  places  where  the  folid  fuperficies  of 
the  ftrata  are  either  to  be  feen,  or  have  fo  thin  a 
cover  that  fome  of  the  mineral  flioads  are  found 
mixed  with  the  upper  foil ; but  where  there  is  a 
thick  cover  of  clay,  fand,  or  other  loofe  matter, 
upon  the  furface  of  the  rock,  all  mineral  fymptoms 
are  then  perfectly  concealed  from  our  view,  until 
fuch  cover  is  cut  through  by  fome  ditch  or  trench, 
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or  waflied  away  by  fome  rivulet  or  current  of 
water,  See. 

As  a perfed;  knowledge  of  the  real  fymptoms 
of  mines  is  of  material  confequence,  1 will  attempt 
a defeription  of  the,  external  appearances  of  mine- 
ral veins,  and  oil  the  feveral  forts  of  mineral  fofiils, 
which,  having  Hidden  off  the  furface  of  veins,  are 
Indications  of  the  veins  being  near  the  place  where 
fuch  mineral  fubftances  are  found ; and  if  thefc 
points  of  invefligation  are  made  clear  and  diftinft, 
men  of  obfervation  may  and  will  make  ufeful  dif- 
coveries,  when  traverfmg  diftrifts  either  for  plea- 
fure  or  bufinefs,  where  the  fuperficies  of  the  llrata 
are  to  be  feen.  The  remarks  of  the  land-furveyor 
will  then  be  more  diftinfl;  and  ufeful ; and  gentle- 
men, when  fearching  for  game  through  the  moun- 
tains, may  difeover  ufeful  mines. 

The  rake  vein,  or  perpendicular  mineral  filTure, 
being  the  moft  common  in  all  countries,  I will  be- 
gin with  it ; and  with  refped;  to  external  appear- 
ances and  fymptoms,  rake  veins  fhould  be  divided 
into  the  hard  and  the  foft^  becaufe  the  indication  >4^ 
and  the  contents  of  each  are  different,  and  will  be 
eafily  diftinguiflied. 

A rake  vein  is  a gafli  or  fiffure  which  cuts  the 
rocks  and  ftrata  afunder  in  fome  certain  line  of 
direction ; but  as  the  fpace  between  the  fades  of  a 
vein  is  commonly  filled  up  with  fome  mineral  mat- 
ter or  other,  it  requires  attention  to  difiinguifli  the 
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back  or  baflet  of  the  vein  from  the  refl:  of  the  cir- 
cumjacent rocks. 

Wherever  the  regularity  of  the  ftrata  is  bro- 
ken and  interrupted,  or  any  breach  or  frafture 
appears  in  the  rock,  there  is  reafon  to  fuppofethat 
it  is  occafioned  by  a mineral  vein ; and  therefore, 
when  a confiderable  gafli  or  crack  is  obferved  in 
the  face  of  a rock,  or  cutting  acrofs  the  ftraia,  it 
fhould  be  taken  notice  of  and  examined.  The  fif- 
fure  of  a vein  may  be  diftinguifhed  from  fuch  a re- 
cent crack  as  is  occafioned  by  the  undermining  of 
water,  or  by  the  gradual  yielding  of  a precipice. 
The  fides  of  an  accidental  recent  fiffure  are  gene- 
rally rough,  unequal,  and  jagged,  and  the  chafm 
or  fpace  between  the  fides  are  generally  empty,  at 
leaft  of  mineral  matter  5 whereas  the  fides  of  the 
mineral  veins  are  more  regular,  and  may  be  traced 
in  pretty  ftraight  lines,  whether  the  vein  flands 
nearly  perpendicular  or  in  a flaming  pofition,  and 
the  fpace  between  the  fides,  whether  the  vein  is 
narrow  or  wide,  is  always  filled  either  in  whole  or 
in  part  with  ore,  or  with  fuch  other  mineral  foffils, 
hard  or  foft,  as  accompany  ore  in  the  veins. 

When  a hard  vein  is  difcovered  in  the  face  of  a 
precipice,  in  the  bed  of  a river  or  rivulet,  or  in  any 
other  bare  rock,  if  no  or^  is  immediately  found  in 
it,  the  firfl;  thing  that  fhould  be  attended  to  by  an 
unfkilful  perfon  is,  to  find  the  true  fidec  of  the  vein, 
which  fometimes  are  eafily  diftinguifhed  j but  this 
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cannot  always  be  fo  readily  afcertained,  becaufe 
falfe  fides  frequently  appear  in  the  middle  of  a 
bold  hard  vein,  by  the  interpofition  of  a rider,  or 
of  other  ftoney  matter,  which  apparently  divides 
the  vein  into  feveral  parts.  When  the  true  fides 
of  a vein  are  found,  upon  the  outfides  of  which 
the  rock  or  ftrata  will  again  appear  regular,  then 
the  contents  of  the  vein  fhould  be  carefully  exa- 
mined. Some  hard  veins  contain  nothing  between 
their  fides  but  hard  mineral  fubftances,  and  others 
contain,  belides,  a thin  ftratuin  or  flicking  of  foft 
mineral  foil,  either  near  the  middle  or  in  one  fide 
of  the  vein  ; and  fome  wide  veins  contain  more 
than  one  flratum  of  clay,  or  other  foft  foil.  The 
mineral  fubflances  commonly  found  in  hard  veins 
are  vein-flone,  fpar,  and  fluor,  with  the  metallic 
and  femi-metallic  ores. 

. Lead  ore,  expofed  to  the  open  air  in  the  furface 
of  a vein,  feldom  exhibits  its  native  colour  and 
brightnefs,  but  is  found  either  coated  or  tarnifhed  ; 
however,  when  flruck  with  a pick  or  a hammer, 
it  difcovers  a vivid  colour  and  fhining  appearance. 
In  very  hard  veins  the  lead  ore  next  the  fufface, 
which  is  expofed  to  the  air  and  weather,  is  gene- 
rally tarnifhed  of  a dun  or  greyifli  floney  hue, 
without  exhibiting  to  a curfory  view  the  leafl  in- 
dication of  any  thing  metallic,  until  it  is  touched 
w'lth  a tool  or  a hard  flone,  when  its  bright  and 
fparkling  texture  will  foon  appear  j and  therefore 
j when 
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when  a hard  vein  is  difcovered,  every  fubftance 
found  between  the  fides,  of  whatever  colour  or 
appearance,  fhould  be  carefully  examined  with  a 
tool,  as  the  ore  very  often  does  not  look  like  itfelf, 
but  appears  like  any  other  fubftance  found  in  the 
vein,  when  it  is  either  coated  or  tarniftied. 

The  mineral  fubftances  commonly  found  in 
hard  veins,  befides  the  metallic  and  femi-metallic 
ores,  are  the  vein-ftones,  fpars,  and  fluors.  The 
fpars  found  in  hard  veins  are  of  three  diftiiuft  fpe- 
cies,  viz.  calcareous  fpar,  cauk  fpar,  and  quartzy 
fpar.  The  feveral  forts  of  fpar  are  pretty  eafily 
diftinguiftied  from  other  common  ftones,  being 
commonly  of  a w'hite,  a brownifli,  reddifti,  or  of 
a yellowilh  white  colour ; and  they  have  always 
a mineral  appearance,  and  a particular  ftrudture, 
being  either  of  a tiftilated,  rhomboidal,  fcaly,  or  of 
a tabulated  form,  in  the  infide  of  the  mafles,  efpe- 
cially  the  lead  fpars.  Some  of  the  fpars  which 
are  found  in  mineral  veins  are  femi-tranfpa- 
rent  and  others  opaque  ; and  again,  fome  fpar  is 
tinged  or  tarniftied  on  the  outfide  of  a black  or 
brown  colour ; but  when  the  particular  maftfes 
are  broken,  they  will  exhibit  their  native  texture 
and  colour  in  the  infide. 

The  vein-ftone  or  rider  has  always  a miftiapen, 
irregular,  mineral  appearance.  The  pureft  and 
whiteft  famples  of  this  ftone  have  fome  refem- 
blaace  of  a burr,  and  it  is  often  equal  to  the  burr 
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in  hardnefs  ; but  this  flone  is  feldom  or  never  fo 
uniform  and  regular  in  its  texture  as  the  burrs, 
bemg  frequently  compounded  of  different  fpecies 
of  mineral  matter,  fuch  as  the  bafes  of  the  (tone  it- 
felf,  which  is  ffenerally  of  a filiceous  quality,  with  ' 
feveral  forts  of  metallic  ores,  pyrites,  fpar,  fluor, 
&c.  blended  in  a hard,  rugged,  mifhapen,  heavy 
Hone,  which  has  the  ftrufture  and  appearance  of 
a concrete,  which  is  fometimes  folid,  and  fome- 
times  cavernous,  and  the  cavities  are  frequently 
lined  with  drufe,  or  duffers  of  tranfparent  pointed 
cryftals.  When  the  vein-ftone  is  compounded  of 
different  kinds  of  mineral  matter,  it  often  exhi- 
bits different  colours  in  the  fame  mafs  ; but 
when  it  is  moff  ly  of  one  fort  of  matter,  it  is  gene- 
rallv  of  an  uniform  colour  ; but  whatever  be  its 
colour,  it  has  always  a rugged  appearance  and 
form,  and  indeed  looks  like  a vein-ftone,  and  not 
like  any  other  ftone. 

Tht  fluor  or  flux  ftone  refembles  fome  of  the 
fineft  fpecies  of  fpar.  The  fluors  have  generally 
a fine  g offy  appearance,  and  they  are  of  various 
beautiful  colours,  as  white,  blue,  green,  yellow, 
violet  and  brown,  with  various  fhades  and  tinges 
of  thefe  and  other  colours.  They  are  ^Iw^ays  of 
a fine  glafs-like  texture,  and  generally  of  a cubi- 
cal, a rhomboidal,  or  of  a laminated  ftrudure, 
and  fome  of  it  is  of  an  irregular  form  ; but  what- 
ever is  the  form  or  colour,  fluor  may  be  known 
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and  diftinguifhed  by  its  weak  and  glafly  conftitu- 
tion,  and  by  its  elegant  appearance,  being  gene- 
rally either  diaphanous  or  femi-tranfparent. 

When  one  or  more  of  thefe  hard  mineral  fubftan- 
ces  are  found  fcattered  upon  the  face  of  the  ground, 
. it  may  be  prefumed  that  a hard  mineral  ve  n is 
not  far  off,  as  thefe  may  be  called  the  fhoads  and 
indications  of  the  vein.  When  the.'e  mineral 
foflils  are  found  in  fuch  plenty  as  to  attratf  the 
attention  of  the  obferver  without  feeing 'a  vein, 
the  figure  of  the  ground  muft  then  be  confidered, 
in  order  to  judge  of  the  fituation  of  the  vein  which 
thefe  fubflances  come  from.  If  the  ground  is 
pretty  level,  the  vein  may  be  found  by  digging 
t immediately  under  thefe  fhoads  ; but  if  there  is 
a declivity,  the  vein  undoubtedly  is  fituated  high- 
er up ; and  therefore,  if  it  is  judged  proper  to 
fearch  for  it,  I have  pointed  out  the  proper  me- 
thod of  trial  above,  when  treating  of  the  fh<'ad 
ore.  When  any  of  thefe  hard  mineral  fubflan- 
ces are  found  in  a river  or  in  a rivulet,  the  vein 
fhould ' be  found  either  higher  up  croffing  the 
flream,  or  in  one  of  the  banks  running  parallel 
to  the  flream,  becaufe  all  thefe  fubflances  tend 
dowmwards  in  the  courfe  of  time,  by  the  Hiding 
of  the  banks,  the  flow  of  water,  and  the  gravity 
of  thefe  feveral  bodies. 

The  preceding  defcription  fuppofes  a mixture 
of  floney  matter  in  the  hard  veins,  however  there 
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are  hard  quartzy  veins  in  many  countries,  with 
and  without  ore,  in  which  no  honey  matter  ap- 
pears but  the  quartz  itfelf.  The  ore  in  quartzy 
veins  is  either  blended  in  the  quartz  or  more  fo- 
lid  : but  whether  folid  or  mixed,  lead  ore  in 
quartzy  veins  is  always  bright  and  (hining  in  the 
infide  when  broken,  though  it  is  generally  dull 
and  tarnilhed  upon  the  outfide  when  expofed  to 
the  external  air. 

The  quartz  in  thefe  hard  veins  is  generally 
pretty  white,  of  a fine  gloffy  texture,  and  re- 
markably hard  and  heavy  ; and  when  any  caverns 
are  found  in  thefe  veins,  they  are  filled  with  prif- 
matical  cryftallizations,  which  are  fo  hard,  fine, 
tranfparent,  and  pure,  as  fometimes  to  emulate 
.the  diamond  itfelf  in  beauty  and  goodnefs. — 
Quartzy  veins  are  frequently  very  wide  and  ftrong, 
with  diflindl  fides,  which  may  be  difeerned  with 
certainty  by  an  experienced  eye,  accuftomed  to 
take  notice  of  the  external  appearance  of  mineral 
veins.  Many  quartzy  veins  are  fo  ftrong-  and 
bold,  as  to  rife  up  in  a ridge  above  the  furface  of 
the  ground,  or  furrounding  rocks,  and  be  diftin- 
guifhed  and  traced  in  the  line  of  bearing  a great 
way  through  the  mountains.  I have  frequently 
traced  fuch  veins  for  two  or  three  miles  in  moun- 
tainous rocky  countries  ; and  it  generally  hap- 
pens, that  fome  ore  of  lead  or  copper  is  to  be  found 
in  one  place  or  other,  and  fometimes  in  feverai 
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places  in  the  furface  of  fiich  veins  ; but  by  reafon 
of  their  exceffive  hardnefs,  it  feldom  happens  that 
any  trials  are  made  in  thefe  hard  quartzy  veins, 
unlefs  the  ore  is  found  at  once  at  the  furface  in 
fufficient  quantity  to  be  worth  working.  But  if 
any  fuperficial  trials  fliould  be  made  in  fome  of 
thefe  hard  veins,  they  are  generally  attempted  by 
unikilful  workmen,  who  can  make  little  or  no 
progrefs  in  fo  hard  a ftone,  w^hich  baffles  all  their 
efforts  to  fink  down  or  to  drive  forward  in, it,  and 
of  confequence  the  work  is  given  up,  before  any 
real  and  fatisfaflory  trial  is  made  upon  the  ore 
which  appeared  in  it.  For  thefe  reafons,  moft  of 
our  very  hard  quartzy  veins  will  remain  entire, 
as  a corps  de  referve  in  mining,  w'hich  may  be  of 
great  ufe  to  future  generations,  when  our  mines 
W'hich  are  eafily  worked  are  either  exhaufted,  or 
too  deep  for  draining  out  the  w'ater  ; as  I hare 
no  manner  of  doubt  that  there  are  valuable  trea- 
fures  in  many  of  thefe  veins  lodged  at  different 
depths,  in  fome  near  the  furface,  and  in  others 
further  down  ; and  in  general  we  are  affured  from 
experience,  that  the  further  down  the  better  for 
plenty  of  good  ore. 

There  is  yet  one  fort  of  hard  vein,  the  exter- 
nal appearance  of  which  has  not  been  defcribed, 
and  yet  it  is  very  material  ^to  be  known,  being 
frequently  the  moft  produflive  of  all  veins.  The 
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vein  I meah  is  found  in  fuch  mountain  rocks  aiJ 
exhibit  nothing  but  rachel^  or  a loofe  fhattered 
broken  rock  at  the  furface,  which  falls  into  fmall 
angular  maifes  of  irregular  figures.  It  is  very 
difficult  to  point  out  the  exterior  fymptoms  of 
this  vein  where  it  baffets  out,  by  reafon  of  the 
loofe  and  broken  ft  ate  of  the  rock  at  and  near 
the  furface  of  the  ftrata.  Where  the  rocks  are 
thus  loofe  and  broken  at  the  furface,  and  fallen 
to  fmall  irregular  mafles,  or  mouldered  down  to 
Tubbifh,  it  requires  great  attention  to  inveftigate 
the  fymptoms  in  fuch  ground,  fo  as  to  find  the 
baflet  or  furface  of  the  vein.  In  rocks  that  are 
thus  broken  down  to  rubbifli  at  the  furface,  fpar, 
vein-ftone,  and  other  fymptoms,  are  fometimes 
fcattered  about  pretty  wide,  and  the  more  fo,  if 
the  ground  is  any  thing  inclining.  This  debris 
of  the  broken  rachel,  and  of  the  mineral  fymp- 
toms thus  fcattered  loofe  about  the  furface,  is 
called  by  Cornifh  miners  the  broil,  or  the  broil  of 
the  vein. 

When  veins  in  fuch  rocks  are  not  very  wide 
at  the  furface,  there  is  then  no  room  for  any  con- 
fiderable  quantity  of  mineral  foil,  hard  or  foft^ 
and  therefore  the  mineral  fymptoms  cannot  be 
ftirong  ; and  when  the  rock  is  fallen  to  loofe  rub- 
bifti,  the  mineral  fiflure  and  mineral  fymptoms  are 
fcattered  in  fmall  firings  among  a number  of  va- 
grant 
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grant  cutters,  which  are  disjointed  by  the  repara- 
tion of  the  loofe  and  broken  rock,  in  which  con- 
dition, a vein  that  is  not  very  wide  above  is  often 
difficult  to  be  difcovered,  even  by  a fkilful  eye, 
and  no  doubt  many  fuch  veins  are  overlooked. 

However,  notwithftanding  thefe  caufes  of  ob- 
fcurity,  there  are  always  foine  veftigia  of  die  vein 
to  be  found,  if  carefully  attended  to  5 fome  fmall 
mafles  of  fpar  or  vein-ftone,  or  fome  other  fymp- 
toms  of  mineral  foil  fcattered  among  the  broil  or 
in  the  disjointed  cutters ; and  where  fuch  are  feen 
they  ffiould  be  attended  to,  and  fome  of  the  ra- 
chel  or  ffiattered  furface  of  the  rock  ffiould  be 
dug  off,  to  fee  how  matters  appear  below  in  the 
folid  rock,  where  the  vein  will  appear  dillinQ;  be- 
tween regular  Tides,  and  then  its  value  can  be  in 
fome  meafure  judged  of. 

The  top  of  almoft  all  the  veins  where  they  baf- 
fet  out,  in  fome  of  the  bell  mining  fields,  are  found  . 
hi  this  defetiption  of  rock  at  the  furface ; fuch,  for 
inftance,  as  the  igreat  mining  fields  of  Leadhills 
and  Wanlockhead,  in  Scotland,  where  the  debris 
of  the  loofe  and  disjointed  furface  of  the  ftrata  is 
of  confiderable  depth,  almoft  every  where  upon 
thofe  mountains,  which  fo  conceals  the  baffet  or 
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top  of  the  veins,  that  fome  valuable  rich  veins  are 
but  lately  difcovered  ; and,  in  general,  the  baffet 
of  their  richeft  veins  is  not  'feen,  but  they  are 
difcovered  by  cutting  crofs  mines  or  galleries, 
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either  for  levels  to  drain  the  water,  or  for  the 
purpofe  of  difcovery. 

The  foft  mineral  foils  are  as  various  in  quality 
and  appearance  as  the  hard.  1 will  make  fome 
obfervations  upon  foft  veins,  and  defcribe  fome 
of  the  foft  mineral  foils  5 and  the  firfl:  1 will  take 
notice  of  is  a white  mineral  foil  or  clay,  which  is 
fometimes  fine  and  fmooth,  but  often  more  friable 
and  coarfe  to  the  touch,  not  unlike  flaked  lime 
when  mixed  with  fand.  When  this  foil  feels  a 
little  gritty,  and  there  is  tolerable  room  between 
the  fides  of  the  vein,  a little  of  it  fliould  be  dug 
out  and  well  examined,  by  wafliing  it  in  water, 
and  by  pounding  it  between  two  fmooth  ftones, 
as  this  fpecies  of  mineral  foil  frequently  contains 
fmall  malTes  and  grains  of  lead  ore,  which  is 
coated  white,  and  fo  of  the  fame  colour  as  the 
clay  ; however,  by  walking  and  pounding,  fome 
bright  particles  of  the  ore  will  appear,  if  any  large 
grains  are  mixed  in  the  foil  ; and  if  fmall  mafles 
of  lead  ore  are  found  at  the  furface,  by  digging 
in  a vein  containing  this  foft  foil,  a plentiful  crop 
of  it  might  be  expedted  below. 

Red  fat  clay  in  mineral  veins,  which  indelibly 
ftains  the  hands  and  cloaths,  indicates  iron,  of 
which  I will  fay  nothing  in  this  place,  but  that 
the  better  fpecies  of  iron  ores  are  generally  ac- 
companied with  red  ftaining  foft  foil,  by  which 
they  are  eafily  difiinguHhed  j at  the  fame  time,  it 
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IS  proper  to  obferve,  that  fome  lead  and  CoppeK 
veins  contain  a confiderable  quantity  of  iron,  and 
confequendy  of  a red  and  a brownifli  red  ftain- 
ing  foil ; and,  therefore,  circumftances  require  to 
be  examined  with  (kill  and  care  in  the  cafe  of 
difcovering  foft  foil  in  a vein  of  a reddifh  co- 
lour. 

The  next  I lhall  take  notice  of  is  a bluilh,  a 
grey,  a greeniih,  or  a brown  tough  clay,  or  flick- 
ing ; and  when  thefe  appear  in  Ihiall  quantity  or 
in  very  thin  feams  between  regular  fides,  which 
are  nearly  clofe  together,  that  is,  where  the  fides 
of  the  vein  are  uniformly  clofe,  with  a thin  vein 
or  flicking  of  tough  clay  between  them,  without 
any  appearance  of  ore,  1 would  not  advife  much 
(rial  to  be  made  in  fuch  veins,  unlefs  fome  more 
promifing  fymptoms  are  difcovered  in  fome  other 
places  in  them.  But  if  the  veins  containing  fuch 
foils  are  moderately  wide,  and  that  lefs  or  more 
of  fpar  or  vein-flone,  &c.  appears  with  the  clay, 
fome  little  trial  may  be  made  in  it  j but  I would 
not  go  far  in  fuch  trials  without  finding  fome 
ore. 

It  is  proper  to  obferve  here,  that  mineral  clays 
and  foft  foils  in  veins  are  found  of  all  colours 
and  appearances,  which  makes  it  almoft  impof- 
fible  to  deicribe  them  all  perfeflly,  fo  as  to  be 
^ble  to  diftinguifh  them  from  other  common  clays 
and  foft  foils  ; and,  therefore,  it  is  neceffary,  in 

the 
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the  hrfl:  place,  to  be  able  to  afcertain  with  cer- 
tainty that  you  have  a vein,  by  feeing  two  fides 
and  a regular  continuous  fiflure  cutting  through 
the  rocks  in  fome  certain  line  of  direflion  ; and 

you  can  diftindly  fee  a filTure  cutting  through 
the  flrata  in  a continued  line,  and  can  dlfcern 
two  fides,  and  fee  the  clay  between  the  fides,  it  is 
mineral  foil,  whatever  the  colour  and  other  ap- 
pearances of  it  may  be. 

But  it  is  necelfary  for  me,  before  I proceed 
any  farther,  to  make  another  explanatory  re- 
mark. 

' I juft  now  obferved,  that  it  is  neceffary  to 
know  that  we  have  a vein  before  we  form  any 
judgment  of  fuch  foft  foils  as  appear  like  mineral 
foil  ; and  the  very  fame  may  be  faid  of  the  hard 
mineral  foffils,  fuch'^s  fpar,  feldtfpat,  -veiri-ftone, 
Stc.  Thefe  often  appear  where  there  is  no  good 
and  regular  mineral  fiffure  or  vein,  and,  therefore, 
whether  the  mineral  foflils'difcbvered  are  foft  or 
hard,  their  confequence  depends  upon  the  mine- 
ral vein  which'they  belong  to.  But  the  remark 
which  I am  going  to  make  is  this,  viz.  that  it  is 
not  always  eafy  to  judge  from  the  external  ap- 
pearance of  a vein  at  the  furface' of  the  ground 
whether  it  is 'a  good  one  or  riot,  even  where  the 
fuperficies  of  the  rock  is  feen,  which  will  evident- 
ly appear  from  what  follows.  1 believe  I obfer- 
ved before  that  thofe  rake  veins  or  mineral  fif- 
' ■ ' fures 
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fures  which  were  caufed  by  a fra£lure  and  a 
breach  in  a line,  and  by  the  fradure  opening 
afunder  to  a wide  chafm,  without  any  jflip  or  fink- 
ing down  of  the  ftrata  upon  one  fide  of  the 
chafm  below  the  other  fide  of  it,  are  always 
wideft  above ; and  that  thofe  veins  which  were 
caufed  or  produced  by  a chafm  and  a flipping 
down  of  the  ftrata  upon  one  fide  of  it,  are  gene- 
rally narrow  above  and  wideft  below. 

I have  fo  often  feen  very  clofe  contraded  veins 
at  the  furface  open  out  below  to  various  capaci- 
ties, that  there  is  no  room  to  doubt  the  fad? 
which  makes  the  firft  appearance  of  the  flip  veins 
in  fome  fituations  very  deceiving,  and  in  fome 
circumftances  not  eafily  inveftigated  by  the  moft 
Ikilful,  fo  as  to  enable  them  to  form  a proper 
judgment.  Where  the  rocks  are  hard,  qompad, 
and  clofe,  or  free  from  numberlefs  cutters  at  the 
furface,  a rake  vein  may  be  know'n,  even  where 
the  fides  of  it  are  pretty  clofe  together  ; but,  on 
the  contrary,  if  the  fuperficies  of  the  ftrata  is  a 
rachel,  or  loofe  and  fhattered,  and  full  of  cutters  in 
all  diredions,  the  inveftigation  of  a vein  that  is 
clofe  above  becomes  very  difficult,  fometimes  al- 
moft  impradicable,  without  fome  trial.  1 have 
frequently  feen  rocks,  that  were  folld  and  regu- 
lar at  the  furface,  cut  by  veins  fo  narrow  above, 
that  the  two  fides  of  the  vein  were  clofe  together 
in  two  parallel  lines, 'and  fp  near  to  one  another, 
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that  to  an  Inexperienced  eye,  the  narrow  and 
hardly  dlfcernible  fiffure  would  appear  to  be  no 
more  than  a common  cutter;  and  yet  I have  very 
frequently  feen  thefe  veins  open  out  gradually 
as  they  went  down,  until  they  became  fome  of 
the  boldefl  and  widefl  veins  below ; and  I am 
perfuaded,  from  what  I have  obferved  in  my 
own  experience,  that  many  rich  and  valuable 
veins  are  overlooked  and  neglected,  becaufe 
they  are  narrow  and  confined  above,  and  do 
not  look  promifmg  at  hrft  fight ; and,  there* 
fore,  when  one  of  thofe  narrow  veins  is  difco- 
Vered,  with  fome  little  ore  in  it,  fuppofing  it  is 
no  thicker  than  the  blade  of  a knife,  I would  ad- 

✓ 

vife  finking  fome  fathoms  in  it,  as  very  probably 
it  will  open  out  below  ; and  if  it  begins  to  open 
a little  at  a moderate  depth,  there  is  then  the 
greateft  reafon  to  expe6l  that  the  fides  will  dilate 
to  a fufEcient  widenefs  when  you  are  deep  enough 
down  in  it.  But  if  neither  ore  nor  fpar,  &c.  ap- 
pears at  firft  in  a regular  contracted  vein,  then 
the  line  of  bearing,  or  the  point  to  which  the. 
vein  trends,  fhould  be  taken  with  an  inllrument 
or  compafs,  and  two  or  three  trenches  cut  to  the 
rock  acrofs  the  vein,  in  order  to  dilcover  it  at  a 
diftance,  where  it  does  not  appear  at  the  furface ; 
as  it  is  always  found  in  experience  that  veins  ap- 
pear and  prove  better  in  one  place  than  another, 
at  the  furface  of  the  ground  as  well  as  down  be- 
low. 
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low,  and  often  carry  ore  and  other  mineral  foils 
in  one  place,  when  fcarcely  any  fymptoms  of  the 
vein  appear  in  another  place,  even  at  no  great 
diftance. 

a Soft  mineral  veins,  which  contain  foft  foils  at 

f the  furface,  are  eafily  difcerned  and  known,  pro- 
vided that  a fufficient  quantity  of  the  vein  is  feen 
to  enable  the  obferver  to  determine  at  firft  fight 
that  it  is  really  a mineral  vein  and  mineral  foil, 
and  not  a bed  of  common  furface  clay,  for  thefe 
foils  are  not  always  diftinguifliable  by  the  colour 
or  by  any  other  external  appearance;  and  in  feme 
places,  where  only  a little  foit  foil  is  to  be  fcen 
in  a fear,  or  other  fmall  break  in  the  furface  of 
the  ground,  neither  the  fides  of  the  vein,  inor 
any  other  fymptom  of  a vein,  except  the  clay  or 
foft  foil,  are  to  be  feen  without  breaking  ground 
to  make  fome  trial,  and,  therefore,  circumftances 
fhould  be  examined. 

If  the  fuperficies  of  the  rock  is  to  be  feen  in 
other  parts  of  the  ground,  not  very  far  off,  and 
that  none  of  that  clay  or  fuppofed  mineral  foil 
appears  in  thofe  places,  there  is  the  more  reafon 
to  fuppofe  that  it  is  the  furface  or  baffet  of  a vein  ; 
however,  the  bell  way  to  make  fure  work,  is  to 
dig  in  it  to  difeover  the  fides  of  the  vein,  if  there 
be  one,  and  to  fee  if  you  can  difeover  any  ore  or 
other  promifmg  mineral  fubftance  in  it. 

But 
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But  I fhould  warn  you  here  not  to  be  too  fOoii 
difcouraged  if  you  fhould  not  find  the  Tides  im- 
mediately, as  fome  foft  veins  are  very  wide,  and 
contain  a great  breadth  of  the  foft  foil  at  the  fur- 
face  ; and  fuch  wide  veins  deferve  the  more  at- 
tention, as  they  frequently  prove  very  rich. 

The  foft  mineral  foils  in  veins  are  found  of  all 
colours  and  appearances,  as  white,  black,  and 
blackifh,  all  the  fliades  of  grey,  yellow,  green, 
and  marbled,  &c. ; but  the  moft  remarkable  and 
diftinguifhed  of  all  the  foft  mineral  foils,  and  fre- 
quently the  moft  promifmg,  is  of  a loofe,  Hghtj 
and  friable  texture,  often  refembling  rappee,  and 
other  fnuff,  in  colour  and  external  appearance 
when  dry,  it  being  fometimes  blackifh,  but  gene- 
rally brown,  in  all  the  degrees  and  fhades  of  that 
colour.  ^ 

When  veins  are  regularly . open  and  roomy 
between  the  fides,  or  open  into  irregular  bellies 
and  large  cavities,  containing  confiderable  quan- 
tities of  this  brownifh  friable  mineral  foil,  it  is 
generally  looked  upon  by  miners  as  a promifing 
fymptom.  But  it  is  proper  to  remark  that  the 
moft  promifmg  fymptoms  in  mining  often  prove 
fallacious  and  uncertain.  The  fame  mineral 
fubftances,  or  mineral  foils,'  hard  and  foft,  that 
accompany  good  ore  in  fome  places,  will  be  found 
in  good  and  regular  veins  in  other  places,  and 
yet  ho  ore  difcovered,  or  none  to  fignify,  by  the 
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moft  judicious  trials,  fo  that  ore  Is  the  beft,  In- 
deed the  neceflary  fymptom  of  a good  mine. 

Good  ore  may  be,  and  often  Is,'  difcovered  by 
digging  In  a barren  vein  with  promifing  fymp- 
' toms ; but  if  no  ore  was  ever  found  in  the  field,  I 
do  not  hold  it  wifdom  to  proceed  too  far  in* 
trials  witho^it  finding  fome  of  it.  At  the  fame 
time  it  mufl:  be  acknowledged,  that  this  foft  mi- 
neral foil,  which  miners  call  chun,  ghurr^  or 
mother^  is  the  mofl  promifing,  and  is  often  found 
in  great  quantities  in  the  beft  mines  of  lead  and 
copper.  In  fome  good  mining- fields,  where  the 
veins  are  wide  and  roomy,  and  produce  plenty 
of  ore,  it  is  not  uncommon  to  find  great  quanti- 
ties of  malfes  of  folid  ore  of  various'  fizes  ly- 
ing loofe  in  this  fort  of  foft  foil ; and  in  fome 
places  where  the  concavities  of  the  veins  are  ex- 
ceeding wide,  there  will  fbmetimes  be  found  a 
fingle  mafs  of  folid  lead  ore  fo  large  as  to  produce 
a great  many  tons  of  lead. 

Where  thefe  foft  foils,  or  the  hard  broil  of 
fpar,  vein-ftone,  and  other  fymptoms  of  a mine- 
ral vein,  are  in  fuch  quantity,  and  of  fo  good  a 
quality,  as  to  induce  you  to  look  into  the  vein, 
and  you  cannot  readily  difcover  the  fides  to  di- 
rect you  to  fink  a little  in  it  with  propriety,  your 
beft  method  in  fuch  a cafe  is  to  cut  a trench 
upon  the  place  down  to  the  rock,  in  the  form  of 
a crofs,  as  direded  above  in  the  cafe  of  finding 

voi..  r.  3D  fiioad 


( 394  ) 


Ihoad  ore  upon  level  ground,  which  is  the  fureft 
method  of  finding  the  fides  and  courfe  of  the 
vein  ; and  when  you  have  difcovered  thefe  points, 
you  will  then  be  able  to  judge  how  you  ftiould 
proceed. 

It  has  been  obferved  that  mineral  veins  may  be 
difcovered  in  altnoft  all  places  where  the  upper 
furface  of  the  ground  is  fo  broken  as  to  difcover 
the  fuperficies  of  the  ftrata,  fuch  as  in  the  rocky 
mountains  and  cliffs,  in  the  rocky  banks  and 
beds  of  rivers  and  rivulets,  in  ravines  or  gullies, 
and  in  all  other  places  where  the  furface  of  the 
rock  is  to  be  feen. 

Generally  all  the  large  caverns  and  fmaller  ca- 
vities upon  the  fhores  of  the  ocean  are  mineral 
veins.  Thefe  veins,  and  the  mineral  foils  con- 
tained in  them,  are  much  fofter  than  the  rocks 
which  are  cut  by  the  veins  ; and  being  continu- 
ally expofed  to  all  the  changes  of  the  air  and 
weather,  and  more  efpecially  to  the  rage  of  a 
flormy  ocean,  whofe  mighty  waves  dalh  againft 
the  fliores  with  a force  and  fury  that  is  almofl 
irrefiftible  by  the  hardefl  rocks,  the  mineral  foils 
are  worn  out  of  the  veins. 

When  a vein  points  in  any  direftion  into  the 
fea,  the  continual  beating  of  the  waves  againft  it 
wears  the  mineral  foil  out  of  it  by  degrees,  and 
then  it  becomes  an  empty  cavern.  Thefe  exca- 
vated cavernous  veins  are  very  numerous,  almoft 
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all  round  the  fea  coafts  of  Scotland,  many  of 
which  I have  entered  and  examined  with  lights, 
and  I have  feen  both  lead  and  copper  in  numbers 
of  them,  many  of  which  are  very  deferving  of 
attention. 

Some  celebrated  waiters  of  natural  hiftory 
have  alferted  that  mines  and  mineral  filfures  are 
only  to  be  found  in  mountains  and  hilly  coun- 
tries, and  that  there  are  none  of  them  in  the 
plains  and  valleys,  which  is  an  erroneous  pofi- 
tion,  abfolutely  falfe  in  fa£t  and  in  experience.  ' 

I have  myfelf  feen  great  numbers  of  veins  upon 
the  ftiores  of  the  ocean,  where  the  ocean  was  the^ 
boundary  of  extenfive  plains.  I have  alfo  fre- 
quently feen  them  in  the  beds  of  rivers,  in  places 
w'here  the  furface  of  the  rock  was  waflied  j and 
I have  often  feen  both  lead  and  copper  in  them. 

I have  feen  very  confiderable  mine- works  carried 
on  with  fuccefs  lb  low  as  in  the  beds  of  rivers, 
which  were  turned  into  new  channels  for  that 
purpofe,  in  North  Wales,  and  in  other  places, 
which  rivers  were  but  a little  elevated  above  the 
level  of  the  fea.  Thefe  inftances  fufficient  to 
prove  the  fad,  and  there  is  no  arguing  againll 
obfervation  and  experience  in  fuch  cafes.  ^ 

And,  moreover,  agreeable  to  faip»di  philofo- 
phy,  in  the  invefligation  of  the  phenomena  of 
the  ftrata,  there  are  the  fame  natural  reafons  for 
the  exiftence  of  veins,  and  even  of  their  great 
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numbers,  in  the  plains  as  in  the  mountains.  I 
will  juft  now  defer  the  tracing  out  and  explana- 
tion of  thefe  phenomena  ; , they^ill  come  in  my 
way  in  fome  future  enquiries  in  the  third  part  of 
this  work  ; at  prefent,  I will  only  obferve,  that 
the  pofition  is  dangerous  as  well  as  falfe,  which 
is  my  reafon  for  infilling  uppp  this  tppick.  If  it 
is  once  received  as  an  undoubted  fafl:,  that  no 
mines  nor  mineral  fiffures  are  to  be  found  in 
plains  and  valleys,  farewell  to  any  enquiries  about 
fymptoms  or  attention  to  them.  Upon  this  fup- 
pofition,  if  good  Ihoad  ore  was  found  in  a plain, 
the  reafoning  mind  would  immediately  fuggeft, 
that  it  was  carried  and  dropt  there  by  accident^ 
and  of  courfe  it  would  be  overlooked,  neglected, 
and  forgotten.  ■ 

r Wherever  the  fuperficies  of  the  ftrata  are  dif- 
covered  in  low  plains,  we  fee  them  as  frequently 
cut  by  mineral  fiffures,  as  in  the  mountains ; and 
oftentimes  the  veins  are  more  numerous  in  the 
plains  than  in  rnany  very  hard  and  lofty  moun- 
tains ; and  as  ore  is  feen  ,in  veins,  and  worked  in 
fuch  low  places,  and  as  veins  are  feen  as  nume- 
rous in  the  rocky  fliores  of  the  ocean,  and  run- 
ning under  the  fea,  as  in  many  other  fituations, 
there  is  no  room  to  doubt  that  mineral  fiffures, 
containing  all  forts  of  mineral  ores,  exift  in  the 
low  plains  as  well  as  in  the  hills  and  mountains ; 
only  the  fituation  is  not  fo  favourable  for  difcove- 


( 397  ) 


ry,  the  fuperficies  of  the  ftrata  being  frequently 
covered’  in  the  plains  by  earth,  fand,  clay,  and 
gravel. 

But  it  may  be  obferved  here,  that  fome  plains 
are  compofed  of  ftrata  in  which  metals  or  mine- 
ral ores  are  feldom  found : fuch  for  inftance  are 
beds  of  chalk,  of  fchiftus,  and  of  the  coal  metals. 
Metallic  ores  are  but'feldom  found  in  any  of  thefe: 
I do  not  fay  never,  as  all  the  flips  and  dykes  in 
the  coal  fields  are  really  mineral  veins  ; and  I have 
feen  fome  little  lead  and  copper  ore  in  fome  of 
them  ; and  a valuable  lead  mine  has  been  worked 
a long  time  at  Coalcleugh  in  Northumberland, 
which,  as  I was  told,  is  entirely  in  the  coal  me- 
tals; that  is,  in  fuch  ftrata  as  accompany  coal : 
And  moreover  I was  informed,  that  the  lead  vein 
at  Coalcleugh  a£bually  cut  off  the  ftratum  of  coal, 
in  the  fame  manner  as  it  is  cut  off  by  a common 
coal-dyke  ; and  that  the  coal  was  found  to  floor 
and  ftretch  upon  the  other  fide  of  the  vein  of 
lead,  as  regularly  as  before  it  was  cut  off  by  it. 
However,  this  is  an  uncommon  inftance.  In  ge- 
neral we  know  by  experience,  that  free-ftones,  ar- 
gillaceous tills,  and  the  other  concomitants  of 
coal,  are  unfriendly  to  the  metallic  ores.  1 have 
not  feen,  nor  heard  of  any  metallic  ores  being 
found  in  chalk ; and  although  I have  feen  ore,  in, 
fmall  difcontinued  quantities,  in  fchiftus,  I never 
expert  to  fee  a plentiful  and  durable  mine  in  it. 

It 
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It  may  be  objefled  to  this,  that  the  iron-ftone  fo 
frequently  found  in  thin  flrata,  and  in  nodules  in 
coal  fields,  is  a refutation  of  what  I have  advanced, 
as  this  iron  is  found  in  fuch  abundance  among 
the  coal  metals  in  many  places,  as  to  become  the 
foundation  of  increafing  manufadories  in  ma- 
ny places  which  employ  thoulands  of  hands  j but 
it  mull  be  remembered,  that  this  is  iron-ftone, 
not  iron  ore.  This  ftone,  it  is  true,  is  found  in 
great  plenty  in  many  coal  works,  and  in  the  near 
neighbourhood  of  them  ; but  it  is  as  feldom  found 
in  the  mineral  fiffures,  that  is,  in  the  dykes,  flips, 
gaflres,  in  any  confiderable  quantity,  as  any  other 
of  the  metallic  ores.  I’his  iron-ftone  is  found  in 
regular  ftrata  and  in,  nodules,  which  have  been 
broken  off  from  the  fuperficies  of  the  ftrata,  roll- 
ed in  water,  and  afterwards  lodged  in  the  argilla- 
ceous ftrata  of  the  coal  fields  ; and  as  this  fpecies 
of  iron-ftone  fo  frequently  accompanies  coal,  ^nd 
is  always  found  in  the  fame  circumftances  of 
ftrata  and  nodules  or  glebes,  it  muft  be  reckoned 
as  one  of  the  coal  metals,  or  concomitants  of 
coal.  Iron  ore,  properly  fo  called,  is  found  in  mi- 
neral veins,  in  the  fame  manner  as  lead  and  cop- 
per, &c. 

The  ftrata  which  are  generally  the  mpft  produc- 
tive of  the  metallic  ores  are  limeftones.  Moft 
fpecies  of  whinftones,  or  the  indurated  argillace- 
ous mountain  rocks,  of  which  there  are  many  va- 
rieties 
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rieties,  appearing  in  thick,  thin,  and  middling 
ftrata,  and  fome  of  thefe  rocks  are  very  hard,  and 
others  of  middling  hardnefs.  Thefe  mountain 
rocks  are  of  various  colours,  though  moftly  of 
fome  of  the  fhades  of  grey.  Many  rich  and  va- 
luable mines  are  found  and  worked  in  granite  or 
moor-ftone  rocks  : Such,  for  inftance,  are  the 
lead  mines  of  Strontian,  in  the  Highlands  of  Scot- 
land, and  feveral  mines  in  Cornwall,  &c.  Thefe 
three  orders  or  claffes  of  rocks  and  ftrata  are  moft 
commonly  cut  and  interfe£led  by  mineral  fiflures, 
containing  the  greateft  quantities  of  the  metallic 
and  other  mineral  ores. 

In  many  countries,  fuch  as  Derbyftiire  in  Eng- 
land, the  illand  of  Ilia  in  Scotland,  &c.  limeftone 
is  the  moft  common  repolitory  of  the  precious 
and  ufeful  metals.  In  other  countries,  the  moft 
productive  veins  are  found  in  granite  rocks,  as  at 
Strontian  above  mentioned,  where  many  of  the 
veins  are  remarkably  ftrong,  bold,  and  roomy,  in 
which  exceeding  good  lead  ore  has  been  found 
in  great  quantities,  and,  in  my  opinion,  few  mir. 
ning  fields  in  Scotland  promife  better  fuccefs,  if 
the  belt  veins  were  properly  explored  with  Ikill 
and  perfeverance.  But  this  valuable  mining  field 
has  always  been  very  unlucky.  It  was  firft  open- 
ed by  the  York-Building  Company, ' when  the 
ore  was  exceeding  good  and  plentiful;  but  in 
whofe  management,  or  rather  mifmanagement, 

nothing 
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nothing  couid  profper,  and  ever  fmce  they  failed, 
thefe  mines  have  always  been  in.  the  hands  of  fuch 
as  either  wanted  (kill,  attention,  or  pr.udent  able 
management. 

But  of  all  the  clafles  of  flrata  in , which  pro- 
dudive  mineral  veins  abound,  the  indurated 
argillaceous-  mountain  rocks  are  the  moft  nu- 
merous and  extenfive.  In  Britain,  ail  the  rich 
and  extenlive  mines  of  Leadhills  and.Wanlock- 
head,  the  mines  of  Tyndrum  in  the  Highlands, 
of  Machrimore  in  Galloway,  and  many  others 
in  Scotland,  are  found  in  fpme  one  or.  other  ot 
the  fpecies  of  this  rock.  Many  of  the  mines 
of  North-Wales,  almofl;  all  the  numerous,  rich, 
and  extenfive  mines  of  Cardiganfliire,  and  moft 
of  the  other  mines  of  South  Wales,  are  in  thefe 
.ftrata,  and  fo  likewife  are  great  numbers  of  the 
mines  of-  Yorkfliire,  Weftmoreland,  and  many 
parts  of  the  North  and  South  of  England. 

1 Ihould  in  this  place  taEe  fome  notice  of  the 
indications  and  external  appearances  of  pipes  and 
ftreeks,  that  is,  of  the  pipe  and  flat  veins.  As 
the  pipe  veins  only  pufli  downwards  in  a flanting 
direftion,  like  an  irregular  pit  or  fliaft,  we  are  not 
to  expect  to  find  any  longitudinal  ftretch  or  courfe 
in  the  external  appearances  of  this  fort  of  vein. 
This  vein  only  baflets,  or  appears  at  the  furface 
in  a confined  fpot  of  only  two  or  three  feet,  or  of 
two  or  three  yards  diameter,  and  therefore  we 

need 


( 401  ) 


need  not  look  for  the  Indications  at  any  confider- 
able  diftance  from  that  confined  fpot,  only  when 
the  balTet  or  outburft  of  the  pipe  is  fituated  upon 
a dope,  or  that  the  ground  has  been  much  ftirred 
by  ploughing  or  otherwife,  the  mineral  fymptoms, 
whether  hard  or  foft,  may  be  fcattered  about 
much  wider  than  the  real  diameter  or  compafs  of 
the  baffet  of  the  vein,  when  It  enters  within  the 
folid  fuperficies  of  the  ftrata.  If  the  baffet  of  the 
pipe  is  fituated  upon  a flope,  the  mineral  fymp- 
toms will  tend  downwards,  and  therefore  the  baf- 
fet of  the  vein  where  It  enters  the  folid  ftrata 
muft  be  looked  for  higher  up  than  where  the 
fymptoms  are  found  ; but  if  the  fite  is  upon  level 
ground,  the  mouth  of  the  pipe  fhould  be  found 
about  the  center  of  the  mineral  fymptoms  which 
appear,  unlefs  there  is  good  reafon  to  fuppofe  that 
the  flioads  or  indications  have  been  all  moved 
one  way  by  fome  natural  or  artificial  caufe.  The 
mineral  fymptoms  or  foils  of  the  pipe  are  the  fame 
in  quality  as  thofe  of  the  rake,  which  have  been 
defcribed. 

The  external  fymptoms  and  baftet  of  the  ftreek  or 
flat  dilated  vein,  has  a longitudinal  ftretch  or  bear- 
ing as  well  as  the  rake  vein.  I have  before  noted 
and  defcribed  this  fpecies  of  mineral  vein,  as  being 
fituated  between  the  beds  of  particular  ftrata,  one 
particular  ftratum  of  the  rock  being  the  roof-  or 
upper  fide,  and  the  next  ftratum  below  being  the 
voL.  I.  3 E foie 
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foie  or  under  fide  of  this  fpeciesof  veinj  and  this 
vein  doth  not  cut  in  any  diredion  acrofs  the  ftrata, 
but,  on  the  contrary,  it  ftretches  horizontally  be- 
tween the  ftrata,  and  therefore  it  has  exadly  the 
fame  longitudinal  bearing,  and  the  fame  fpread 
or  llretch  every  way,  as  the  ftrata  of  the  field  in 
which  the  vein  is  found ; and  the  flat  vein  is  fub- 
jed  to  all  the  accidents  and  irregularities  of  thefe 
flrata,  fuch  as  being  thrown  up  and  down  off  the 
ordinary  level,  ftretch,  and  bearing  of  the  ftrata, 
by  flips  and  hitches,  and  of  being  partially  cut  off 
by  dykes  and  gaflies,  which  were  defcribed  in  the 
firft  part  of  this  work.  But  it  may  be  obferved, 
that  miners  have  one  confolation  in  meeting  with 
thefe  interruptions  of  regularity,  which  colliers 
are  not  favoured  with,  viz.  every  one  of  thefe  are 
mineral  veins  of  another  defcription.  The  paral- 
lel, dired,  and  oblique  flips,  which  throw  the 
ftrata  and  dilated  vein  up  or  down  o^its  former 
ftretch  and  level,  are  each  of  them  rake  veins,  and 
therefore,  in  meeting  one  of  thefe  in  the  courfe 
of  working  the  dilated  vein,  a new  chance  of  ad- 
ditional treafure  prefents  itfelf  to  them,  without 
their  being  at  any  trouble  or  expence  in  looking 
for  it.  When  a flip  or  rake  vein  is  difcovered  in 
the  progrefs  of  working  a flat  vein,  it  very  often 
happens,  that  the  flip  vein  contains  good  ore  im- 
mediately when  firft  touched,  and  in  working  this 
ore  out  of  the  flip  vein,  they  come  at  the  flat  vein, 

where 
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■where  it  floors  and  fpreads  out  again  upon  the 
other  fide  of  the  flip,  whether  it  was  thrown  up 
or  down  by  it. 

Thevtheory  of  the  flip  will,  I hope,  be  now  fo 
■well  underflood  by  my  readers,  as  to  enable  them 
readily  to  comprehend,  that  when  a miner  is 
working  forward  in  a flat  vein  upon  one  fide  of 
a flip,  with  his  face  towards  one  perpendicular 
point  of  the  compafs,  and  meets  a down  flip,  if  he 
was  working  upon  the  other  fide,  with  his  face 
towards  the  oppofite  point  of  the  compafs,  it 
w'ould  from  thence  be  an  up  flip.  The  flreek, 
flat,  or  dilated  vein  (for  it  is  known  among  mir 
ners  by  all  the  three  names)  is  frequently  difeo- 
vered  by  working  downwards  in  the  perpendicu- 
lar mineral  fiffure,  or  flip  vein.  The  flat  vein  ap- 
pears in  one  or  other  of  the  fides  as  they  go  down 
in  the  perpendicular  vein,  and  fometimes  it  con- 
tains or^  imnediately  when  difeovered,  and  fome- 
times none^  all,  or  very  little  of  it.  When  good 
ore  of  fufficient  workable  thicknefs  appears  im- 
mediately, there  is  no  difficulty  or  caufe  of  dilem- 
ma in  the  way.  In  thatcafe  they  work  away  ho- 
rizontally in  good  ore  in  the  flat  vein  ; but  in  forne 
mining  fields,  the  flat  veins  are  overlooked,  when 
they  only  contain  mineral  foils  without  ore,  or 
a fmall  quantity  of  ore  where  firfl  difeovered, 
which  perhaps  is  not  immediately  worth  working, 
becaufe  the  miners  in  fome  countries  do  not  un- 
derhand 
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derftand  the  dilated  flat  veins,  and  therefore  are 
neither  moved  by  curiofity  nor  hope  to  look  into 
them.  I have,  in  fome  mining  fields,  feen  five  or 
fix  inches  of  good  lead  ore  overlooked  and  pafled 
by  in  working  downwards  in  rake  veins,  without 
making  the  leafl;  trial  upon  the  ore,  particularly  in 
the  ifland  of  Ilia,  where  I could  not  engage  proper 
attention  to  the  flat  veins,  becaufe  the  miners  knew 
nothing  about  them ; and  as  my  vifit  there  was 
but  fliort,  I had  no  opportunity  of  making  them 
underftand  this  fpecies  of  vein.  However,  in 
Derbyfliire  and  other  parts  of  England,  great  at- 
tention is  paid  to  all  the  ftreek  veins.  Indeed, 
much  of  the  treafure  of  fome  mining  fields,  fuch 
as  Derbylhire,  is  found  in  the  ftreek  veins ; of 
courfe  there  is  no  danger  of  their  being  overlook- 
ed, whether  rich  or  poor,  for  they  know  very  well 
by  long  experience,  that  this  defcription  of  vein 
is  fully  as  fubjeft  to  checks  and  twitches,  and 
other  interruptions  of  regularity,  as  the  perpendi- 
cular veins.  It  is  very  common  for  the  flat  vein 
to  be  fqueezed  thin  upon  one  fide  or  other  of  the 
perpendicular  vein  ; and,  therefore,  in  a produc- 
tive field,  the  flat  vein  fhould  always  be  tried  fome 
fathoms  in  from  the  flip  vein,  until  they  are  paft 
the  influence  of  that  fqueeze  or  twitch. 

It  was  obferved  that  dilated  veins  are  moft 
commonly  found  in  the  lime-ftone  country,  that 
is,  where  ftrata  of  lime-ftone  are  the  prevailing 
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rocks  ; however,  they  are  not  excluded  from  the 
hafle-whin  and  fome  other  , claffes  of  ftrata. — 
Whenever  perpendicular  fiflures  appear  in  the 
ftrata  of  lime-ftone,  there  is  always  a chance, 
alinoft  a certainty  of  meeting  with  ftreeks,  if  the 
perpendicular  veins  are  worked  to  any  confider- 
able  depth.  When  the  fuperficies  of  the  rocks 
are  bare  and  expofed  to  view,  where  a flat  vein 
baflets  out,  the  indications  of  the  vein  or  the  mi- 
neral foils,  whether  hard  or  foft,  which  belong  to 
the  baflet  of  the  vein,  advance  forward  along 
the  furface  of  the  ground,  in  the  fame  longitu- 
dinal line  as  the  bearing  of  the  ftrata ; and,  there- 
fore, when  any  part  of  the  balTet  or  outburfting 
of  a ftreek  is  difcovered,  if  the  trending  of  the 
ftrata  in  that  place  is  known,  the  proper  method 
of  trying  the  baflet  of  the  vein  in  different  places 
is  eafy  and  Ample,  as  this  vein  always  conti- 
nues between  the  two  particular  ftrata  which  are 
at  firft  found  immediately  above  and  below  the 
vein. 

Where  the  baffet , or  fuperficies  of  a ftreek  is 
difcovered,  and  you  want  to  make  fome  trial  to 
fee  how  it  appears  under  cover,  at  fome  confider- 
able  depth  or  diftance  from  the  furface  of  the 
earth,  you  are  not  to  expedl  that  this  vein  is  to 
dip  down  precipitately  like  the  perpendicular  ^ 
fiffure,  unlefs  the  dip  or  declivity  of  the  ftrata  in 
that  place  is  fo  precipitate  as  to  ftand  near  the 

vertical 
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vertical  pofitlon.  In  trying  this  vein  you  muH: 
confider  the  difpofition  of  the  ftrata.  If  they  are 
fo  flat  as  to  approach  the  horizontal  pofition, 
fo  will  the  vein  ; and,  on  the  contrary,  if  the 
ftrata  hang  with  fo  great  a fiope  as  to  be  near  the 
vertical  pofition,  the  vein  will  dip  with  juft  as 
great  a degree  of  flope,  and,  likewife,  in  all  de- 
grees of  medium  flopes  between  the  vertical  and 
horizontal  pofitions  ; and,  therefore,  when  the 
pofition  of  the  ftrata  is  known,  you  know  ex- 
adly  how  to  purfue  a ft  reek  under  cover,  even 
with  unfldlful  men ; and  where  there  is  not  a 
confiderable  body  of  ore,  or  of  other  good  foils, 
to  be  an  infallible  clue  to  lead  them  in  a right 
diredion. 

I will  now  give  fome  account  of  the  appear- 
ance of  the  metallic  ores,  as  they  are  found  in  the 
baflet  of  the  veins  when  firft  difcovered  'at  the 
furface,  or  lying  loofe  near  them. 

I have  before  defcribed  what  is  called  fhoad  . 
ore  of  lead.  By  fhoad  ore  is  meant  lumps,  maf- 
fes,  or  grains  of  ore  which  have  either  fliddcn  oft' 
from  the  baflet  of  a vein,  which  is  fituated  upon 
a declivity,  or  elfe  lie  loofe  upon  the  back  or  baf- 
fet  of  the  vein,  and  that  is  carried  down  by  a 
ftream  of  water. 

Having  before  treated  of  the  fhoad  ore,  I will 
only  repeat  here  that  the  fhoad  of  lead  is  always 
either  coated  or  tarniflied,  unlefs  it  has  been  re- 
cently 
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cently  broken  and  bruifcd  by  feme  accident,  fo 
as  to  difeover  its  native  colour  and  brightnefs. 
Shoad  lead  ore  found  in  a dry  fituation,  or  any 
way  blended  with  or  buried  in  the  foil,  is  gene- 
rally coated  over  with  a white  cruft,  or  cerufs, 
refembling  lime,  which  perfedtly  conceals  the 
bright  blue  colour  of  the  ore  until  the  mafs  is 
broken  j but  fhoad  found  in  a rivulet,  or  in  any 
run  of  water,  is  generally  tarniflied,  of  a dull 
grcyifti  leaden  hue,  at  firft  fight  no  more  goodly 
nor  attracting  to  the  eye  than  common  pebbles 
found  along  with  it  in  the  rivulet. 

Lead  ore  found  in  the  baflet  or  furface  of  a 
vein,  either  in  hard  or  foft  mineral  foil,  feldom 
exhibits  any  of  its  native  colour  and  brightnefs, 
but  is  either  tarnifhed  or  coated.  Such  maffes 
and  grains  as  are  found  in  the  foft  foils  in  the 
baflet  of  foft  veins,  are  generally  coated  white, 
though  they  are  alfo  coated  of  a brownifti  and  of 
a yellow  colour  in  fome  foft  veins.  In  the  baf- 
fet  of  hard  veins,  the  lead  ore  which  is  expofed 
to  the  air  and  weather,  is  moft  commonly  tar- 
nilhed,  of  a dun  or  greyifli  ftony  hue,  without  ex- 
hibiting to  a curfory  view  the  leaft  indication  of 
any  thing  metallic,  until  it  is  touched  with  a 
tool  or  a hard  ftone,  when  its  fine  texture  and 
bright  colour  will  appear  5 and,  therefore,  when 
a hard  vein  is  difeovered,  every  fubftance  found 
between  the  fides,  of  whatever  apparent  colour, 
. ftiould 
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fhould  be  carefully  examined  with  a tool,  as  ore 
in  fuch  a fituation  does  not  look  like  itfelf,  but'ap- 
pears  at  firft  fight  like  any  other  indifferent  ftony 
fubftance,  when  it  is  either  coated  or  tarnifhed, 
but  when  broken,  the  colour  and  texture  will 
appear,  of  whatever  fpecies  it  may  be. 

There  are  three  principal  fpecies  of  lead  ore, 
which  are  eafily  diftinguifhed  from  one  another, 
viz.  cubical  potter’s  ore,  the  fibrous,  or  longijh- 
grained  ores,  and  granulated,  or  fieel  ore,  and 
of  thefe  three  there  are  many  varieties.  ‘ 

\ft.  What  is  commonly  cdlltd  potter’s  ore,  on 
account  of  its  being  ufed  for  glazing  earthen 
ware,  is  found  in  greateft  quantity  of  all  the  lead 
ores.  Much  of  this  fpecies  of  ore  is  of  a teffe- 
lated,  cubical,  or  diced  ftrufture.  Some  of  the 
varieties  of  this  fpecies  of  ore  are  compofed  of 
very  fmall  cubes,  others  of  middle-fized,  and 
fome  of  pretty  large  cubes,  even  up  to  near  an 
inch  fquare,  the  cubes  appearing  of  a laminated 
texture,  and  flightly  adhering  together,  fo  as  to 
be  eafily  broken  to  pieces  with  a fmall  blow,  and 
when  broken,  the  ore  appears  very  bright  and 
glittering,  and  of  a fine  metallic  blue  colour. 

Many  of  the  varieties  of  this  fpecies  of  ore  ap- 
pear of  a laminated  and  of  a fcaly  ftruflure,  ap- 
proaching tOj,  but  no't  of  a regularly  diced  form  ; 
and  of  thefe  Tome  are  compofed  of  large  broad 
fcales.  And. again,  fome^of  thefe  laminated  or 
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fcaiy  ores  have  no  appearance  of  a cubical  form, 
but  the  malfes  of  ore  appear  partly  of  a convol- 
ved ftrufture,  the  fcales  being  irregularly  difpofed 
and  placed  all  manner  of  ways. 

But  it  may  be  obferved  of  the  potter’s  ores, 
that  in  general 'a  rich  and  plentiful  vein  produces 
ore  of  a regularly  diced  form,  without  much  va- 
riety of  ftrudure  ; but  when  the  vein  is  confined 
or  irregular,  or  any  way  difturbed  by  checks, 
thick  riders,  or  from  any  bending  or  warping  of 
the  vein,  the  ore  which  it  produces  is  generally 
found  of  an  Irregular  texture ; and  if  the  vein  ig 
much  contradted  and  irregular,  the  fmall  quanti- 
ty of  ore  which  it  yields  will  be  found  in  milha- 
pen  maffes  of  a tortuous,  imperfed:,  fcaiy  texture. 
However,  when  the  veins  are  freed  from  thefe 
accidental  irregularities,  and  open  into  wide  con- 
cavities, producing  rich  bodies  of  ore,  the  ore 
will  then  alTume  a regular  form  and  texture. 

All  the  potter’s  ores  are  extremely  heavy,  and 
they  commonly  yield  a great  produce  of  lead  in 
fmelting,  but  they  feldom  contain  much  filver. 

The  fibrous  lead  ores.  Thefe  frequently 
exhibit  a longilh  grain  or  ftrufture,  fometimes 
approaching  a ftriated  form  or  texture,  but  not 
perfectly  ftriated,  and  very  difficult  to  be  defcrib- 
ed.  I have  feen  fome  of  the  varieties  of  this 
fpecies  exceeding  bright  and  beautiful,  and  more 
of  a whitiffi  blue,  or  a filver  colour,  than  the 
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bright  potter’s  ol-es,  and  many  of  them  are  re- 
markably rich  in  filver. 

The  fleel  ore,  or  fteel  grained  lead  ore,  is 
of  an  uniform  and  granulated  texture,  fome  of 
the  varieties  of  which  are  compofed  of  fine  grains, 
appearing  in  the  infide  of  the  mafs,like  fine  fteel 
when  newly  broken ; feme  like  cpai^fer  fteel,  and 
others  appear  like  coarfe  iron.  Muc"^  of  the  fteel 
grained  lead  ore  is  bright  and  fparkling  in  the 
infide  of  the  maffes,  and  of  a fine  blue  or  filver 
grey  colour.  Some  of  the  varieties  are  of  an 
iron  grey,  and  others  ftill  more  dull  in  the  infide, 
and  approach  to  a blackifh  grey. 

The  fteel  ores  are  moftly  very  hard,  the  maf- 
fes being  frequently  fonorous  in  fome  mine  works, 
and  they  are  generally  rich  in  filver. 

There  are  rich  and  durable  mines  of  this  fpe- 
cies  of  ore  in  Cardiganlliire  in  Wales,  and  many 
other  parts  of  Britaini  Many  of  the  veins  pro- 
ducing this  fort  of  ore  in  Cardiganftiire  contain 
ftrong,  regular,  and  extenfive  ribs  of  folid  ore, 
fome  of  which  I have  feen  working  to  great  ad- 
vantage ; but  feveral  of  thefe  rich  and  valuable 
mines  are  now  under  water. 

Cardiganftiire  is  one  of  the  moft  rich  and  ex- 
tenfive mining  fields  in  Britain. 

A great  many  veins  in  the  neighbourhood  of 
Darenvaur,  Cwmfymlog,  Cumyftwith,  about  the 
north  and  north-weft  corners  of  the  country,  and 
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in  many  other  places,  have  produced  great  quan- 
tities of  the  richell  lead  ore  in  the  iiland,  at  leall 
the  richefl  in  filver.  Many  of  thefe  veins  were 
opened  and  worked  by  the  Romans,  whofe  works 

r 

were  remarkable  and  fmgular,  being  all  open 
cart:,  like  a great  ditch  or  gulph.  They  cut  open 
the  vein  longitudinally,  and  formed  wide  gulph's 
in  the  courfe  or  bearing  of  the  veins.  I faw  one 
of  thefe  gulphs  at  Darenvaur,  where  the  fine  Reel 
ore  was  very  rich  in  filver,  fo  large,  deep,  and  long 
as  to  begin  upon  one  fide,  and  reach  quite  through 
the  fummit  of  a confiderable  mountain  ; and  this 
vaft  trench  was  fo  deep  and  wide  as  to  be  about 
feventy  fathoms  down  below  the  furface  of  the 
ground  near  the  fummit  of  the  mountain  ; but 
they  had  worked  none  in  the  vein  down  in  the 
level  ground  at  the  foot  of  the  mountain,  where  I 
faw  very  rich  modern  works  under  level,  upon  4 
regular  rib  of  fteel  ore,  which  was  from  a foot 
and  a half  to  three  feet  wide  in  different  parts  of 
the  vein,  and  remarkably  rich  in  filver. 

Great  numbers  of  thefe  veins  have  been  work- 
ed in  modern  times,  as  deep  as  they  could  go, 
with  fuch  level  mines  as  were  eafily  obtained  to 
drain  the  water  ; but  as  Cardiganfhire  is  dirtant 
from  the  wealthy  mining  countries  and  mining 
companies,  little  or  nothing  to  fignify  was  done 
below  level  about  forty  years  ago,  when  I was 
pretty  well  informed  of  the  mineral  hirtory  of 
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that  county;  and  I was  lately  told  that  very 
little  has  been  done  below  fmce  that  period. 

"Vyhen  thefe  rich  veins  are  opened  again,  and  well 
explored,  valuable  treafures  will  be  found  in  moft 
of  the  old  foies  below  the  levels,  by  which  they 
were  formerly  worked,  as  well  as  new  ground,  in 
different  places  in  the  courfe  or  bearing  of  thofe 
veins. 

I have  myfelf  feen  fine  ribs  of  folid  ore  in  that 
county  from  one  to  three  feet  thick  and  upwards, 
which  are  now  lying  under  v'^ater  ; and  I was 
then  well  informed  of  others  which  I did  not  fee. 
Few  of  thefe  rich  mines  can  now  be  effedtually 
opened  without  fome  powerful  niachinery  for 
drawing  out  the  water. 

As  moll  of  Cardiganfhire  is  a hilly  country, 
confining  rather  of  ridges  of  a moderate  height, 
with  narrow  valleys  between  ^hem,  than  of  high 
mountains,  rivulets  and  runs  of  water  may  be  col- 
lected and  led  to  proper  places,  and  refervoirs 
may  be  made  for  keeping  quantities  of  rain  water, 
for  working  powerful  hydraulic  machines  in  many 
places.  In  other  fituations,  nothing  would  anfwer 
effectually  excepting  the  fleam  engine  ; but  there 
IS  as  yet  no  pit  coal  difcovered  in  that  county,  nor 
near  it,  and  the  expence  of  bringing  coals  by  fea, 
with  the  addition  of  duty  and  a long  land  carriage^ 
Garmot  be  fupported  by  any  common  produce. 
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■The  country  to  the  northward,  nof th-eaft,  and 
eaftward  of  Darenvaur,  abounds  in  peat  bogs,  and 
fome  veins  bearing  lead  ore  have  been  difcovered, 
but  not  explored  in  the  middle  of  fome  of  thefe 
peat  mofles.  Where  good  ore  is  found,  and  wa- 
ter cannot  be  had,  or  cannot  be  properly  applied, 
fleam  engines  may  be  worked  with  good  peats  well 
prepared.  In  preparing  peats  for  the  engine,  the 
upper  parts  of  the  mofs  muft  be  cut  off  and  thrown 
into  the  old  peat  pits,  where  it  will  vegetate  again, 
and  enfure  the  duration  of  the  mofs  ; and  nothing 
but  the  black  heavy  peat  fhould  be  prepared  for 
ufe.  This  black  mofs  muft  be  cut  into  fmall 
peats,  and  the  cutting  fhould  begin  early  in  the 
fpring,  in  order  tq  have  the  peats  in  good  condi- 
tion before  the  heavy  rains  come  on,  the  dry  wea- 
ther of  fummer  in  that  country  being  only  in  the 
months  of  March,  April,  May,  and  fometime? 
June.  The  heavy  black  peat,  which  is  of  a clofe 
and  folid  fubftance,  cannot  be  thoroughly  and  per- 
feftly  dried  in  one  year ; but  when  two  years  old, 
and  well  prepared,  weft  thatched,  or  kept  under 
a fhade,  they  make  a ftrong,  clear,  and  durable 
fire,  little  inferior  to  gpod  coals,  and  even  better 
than  fuch  as  are  but  indifferent.  Steam  engine? 
play  be  effedlually  worked  with  the  black  peat, 
■without  any  material  alteration  in  the  conftruc'; 
tion  of  the  machine,  excepting  that  the  furna^^ 
jnay  be  a little  wider  than  for  pit  coals.  Meff. 
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Taylor  and  Symington's  new  improved  patent 
engine  will  anfwer  bed  for  fuch  mining  countries 
as  Cardiganlhire,  becaufe  it  certainly  can  be  work- 
ed with  much  lefs  fuel  than  any  other  engine  that 
has  yet  appeared. 

Befides  the  above-mentioned  blue  lead  ores, 
there  are  other  fpecies  of  different  colours,  fuch 
as  white,  yellow,  green,  brown,  and  a yellowifh 
brown  colour,  &c.  But  thefe  feveral  fpecies  are 
fcarce,  and  of  little  confequence,  as  they  are  but 
feldom  found  in  fuch  quantities  as  to  conftitute 
rich  veins  worth  working,  and  therefore  a particu- 
lar defcription  of  them  would  be  as  ufelefs  as  it 
is  difficult. 

Thefe  feveral  forts  of  lead  ore  can  only  be  di- 
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ftinguiffied  from  other  mineral  fubdances  by  a 
fkilful  eye,  and  even  the  mod  experienced  are  not 
always  certain  of  them  without  proper  trials. 

Copper  ores  are  found  in  Britain  of  almod  all 
the  colours  dh'^irarth  and  (hades  in  the  rainbow'! 
fuch  as  black!:  redj  -brown,  yellow,  green,  blue, 
grey,  with  aE^f^e^rhixtures,  ffiades,  and  tinges  of 
thefe  colours,  and  the  ores  of  copper  affirming  fuch 
a great  variety  of  colours  and  appearances  makes 
many  of  them  difficult  to  be  known,  as  fome  of 
thefe  ores  refemblt:  at  fird  fight  a great  many 
other  foffil  fubdances.  However,  all  the  copper 
ores  are  not  fo  difficult  to  be  known ; many  of 

them 
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them  have  a bright  metallic  appearance  in  the  in- 
fide  of  the  mafles ; and  it  may  be  obferved  of 
molt  of  thefe  ores,  that  they  have  always  a mine- 
ral appearance  which  will  diftinguifli  them  ; and 
when  malfes  or  flioads  are  found  which  are  doubt-. 

ful,  there  is  a fliort  and  ready  way  of  trying  this 
metal,  to  know  with  certainty  whether  the  dciubt- 
ful  mafs  contains  any  copper  or  not,  viz.  Put  a 
little  aquafortis  with  a feather  upon  the  mineral 
mafs  j let  it  a£t  upon  if  for  a minute  or  lefs,  and 
then  touch  the  part  with  a knife,  a key,  or  any 
other  poliftied  iron,  and,  if  it  is  copper  ore,  a thin 
plate  or  fcale  of  pure  copper  in  ^ts  native  colour 
will  appear  upon  the  iron.  The  aquafortis  dif- 
folves  part  of  the  copper  out  qf  the  ore  or  ftoney 
mafs  in  which  it  is  concealed  j but  when  the  iron 
comes  in  contaft,  it  imbibes  tl^  %?id,  which  leaves 
the  copper  behind  upon  the  furfaqe  qf  the  iron. 
But  it  fliould  be  remarked,  thajc  if  the  copper  is 
mixed  with,  or  contained  in  any  fpecies  of  gyp- 

fum,  vitriolic  pyrites,  or  other  mineral  fubftance, 
containing  much  of  the  vitrlqlic  acid,  the  aqua* 
fords  will  not  aft  upon  the  copper  fo  as  to  produce 
the  real  metal  in  this  experiment.  In  this  cafe, 
fire  is  neceffary  to  prove  the  exigence  of  copper 
in  the  doubtful  famples. 

There  are  a great  many  fpecies  and  varieties  of 
copper  ore  found  and  worked  in  this  ifland,  fome 
of  which  I will  defcribe  in  a plain  and  familiar 
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way,  fo  as  to  convey  a diftin£t  idea  of  the  levefal 
forts  when  difcovered.  Some  fpecies  of  copper 
ore  are  of  one  uniform  colour,  and  other  fpecies 
contain  two  or  more  colours  in  the  fame  mafs  of 
ore : 

Native  copper,  commonly  called  virgin 
copper,  refembles  the  real  metal  itfelf  in  colour 
and  quality,  as  it  may  be  either  cut  or  hammered 
when  firft  difcovered  or  dug  out  of  the  earth. 

id.  Grey  copper  ore  is  a common  fpecies  found 
in  Britain.  Some  of  the  grey  ores  are  of  a gra- 
nulated texture,  or  fteel-grained,  tolerably  bright 
in  the  infide,  confiderably  ponderous,  and  of  a 
filver  grey,  a ftone  grey,  or  of  an  iron  grey  colour. 
But  all  the  grey  copper  ores  are  not  of  a granu- 
lated ftru£ture ; fome  of  them  are  fmooth  and  uni- 
form in  the  infide,  and  when  the  ore  is  bright,  it 
exhibits  a gloify  appearance,  and  this  fort  is  fre- 
quently called  glafs  copper,  or  vitreous  copper  ore. 
Many  varieties  of  the  vitreous  ores  of  this  colour 
difcover  lefs  or  more  of  a yellow  or  of  a brown 
mixture  with  grey,  when  you  look  attentively 
at  the  infide  of  the  malTes  ; and  again  all  the  va- 
rieties of  the  grey  ores  are  not  of  a bright  metal- 
lic appearance,  fome  of  them  being  more  dull  and 
tarnilhed.  This  fpecies  commonly  yields  a good 
produce  in  fmelting,  and  fome  of  the  varieties  are 
often  found  to  be  rich  in  filver. 
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3^/.  Red  copper  ore.  Some  varieties  of  this 
fpecies  are  of  a clear  bright  red,  and  of  a fmooth 
uniform  texture,  called  vitreous  red  copper  ore  j 
but  the  moft  common  forts  are  of  a darker  red, 
approaching  to  a brownilh  red  colour. 

The  .mafles  of  this  kind  arefometimes  fonorous, 
generally  ponderous,  and  fome  of  the  varieties  are 
more  like  the  melted  metal  than  any  other  fpecies 
of  mineralized  copper  ore.  Some  of  the  red  cop- 
‘per  ores  are  of  a granulated,  and  others  of  a folid 
uniform  texture.  The  varieties  which  are  of  the 
fineft  red  colours  are  generally  bright  and  glofly 
in  the  infide  j but  fome  of  thofe  which  are  of  a 
brownilh  red,  have  a more  dull  and  ordinary  ap- 
pearance j however,  moft  of  the  red  ores  yield  a 
good  produce  in  fmelting. 

/^th.  Yellow  copper  ore  is  the  moft  common 
fpecies  found  in  Britain.  There  are  a great  many 
varieties  of  yellow  copper  ore,  moft  of  which  are 
very  bright  and  beautiful,  of  a glolTy  metallic  ap- 
pearance, and  of  the  colour  of  polilhed  brafs. 
Some  of  the  bell  of  the  yellow  copper  ores  ap- 
proach to  a laminated  texture,  and  are  fmooth 
and  Ihining  in  the  infide.  Some  of  the  yellow 
copper  ores  are  of  a granulated  or  fteel-grained 
texture,  but  moft  of  the  varieties  are  fmooth  and 
uniform  in  the  infide,  without  any  determinate 
grain.  Many  of  the  yellow  copper  ores  differ  but 
little  in  appearance  from  fome  of  the  brighter 
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pyrites  ; it  requires  a fkllful  eye  to  diftinguifh  the 
one  from  the  other,  and  fometimes  they  cannot 
be  diftinguifhed  without  aquafortis,  or  feme  other 
mode  of  trial.  But  although  yellow  copper  ore 
is  the  moft  common'  and  the  moil  beautiful,  yet 
in  general  it  is  not  the  richeft.  Moft  of  the  va- 
rieties are  the  pooreft  in  the  produce  of  the  fur- 
nace j but  what  they  want  in  quality  is  mad?  up 
In  quantity,  there  being  more  rich  and  plentiful 
mines  of  this  fpecies  in  Britain  than  of  any  other 
colour. 

When  yellow  copper  ore  exhibits  a tinge  or 
efflorefcence  of  green,  it  may  generally  be  known 
as  fuch  by  the  young  miner  ; but  when  it  is  of 
an  unmixed  yellow  colour,  it  ftiould  be  tried  with 
aquafortis  or  otherwife,  before  the  landed  gentle- 
man builds  too  much  upon  its  value. 

^th.  Copper  ore  of  a mixed  colour,  containing 
two  or  mere  colours  in  the  fame  mafs  of  ore. 
In  fome  veins  maffes  of  copper  ore  are  found  of 
a pure  unmixed  green  colour,  and  alfo  of  a blue 
colour.  Some  malTes  are  purple,  and  others  black, 
and  of  a liver  brown  colour,  with  little  or  no 
mixture  of  other  colours  in  the  refpeclive  maffes ; 
but  it  more  commonly  happens  that  feveral  of 
thefe  colours  are  blended  with  yellow,  and  may 
be  diftindlly  feen  in  the  fame  individual  mafs  of 
ore.  Maffes  of  copper  ore,  or  of  fuppofed  cop- 
per ore,  of  a pure  unmixed  green,  blue,  purple 
j ' 'or 
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01*  liver  brownn  colour,  and  of  a fmooth  uniform 
texture,  require  to  be  tried  with  aquafortis,  as 
well  as  the  pyritical  or  marcaftical  yellow  copper 
ores,  before  it  is  determined  that  they  really  are 
copper ; becaufe  very  many  Hones  and  .ipyrites  fo 
nearly  refemble  thefe  in  colour,  texture,  and  the 
general  appearance  of  the  mafs,  that  fometimes 
they  cannot  be  certainly  diftinguifhed  without 
trial ; however,  the  doubt  is  foon  cleared  up  with 
a drop  of  aquafortis,  and  a key  or  knife,  as  direct- 
ed above,  excepting  in  the  cafe  of  the  mafs  of  ore 
being  mixed  with  a gypfeous  matter,  or  being 
faturated  with  the  vitriolic  acid,  in  which  cafe 
the  aquafortis  will  not  dilTolve  the  copper  fo  as  to 
produce  a thin  plate  of  it  upon  the  polilhed  iron  5 
and  therefore,  when  the  mafs  of  ore  has  a ftrong 
metallic  or  mineral  appearance,  and  yields  no  cop- 
per with  the  aquafortis,  it  will  be  prudent  to  have 
it  tried  by  a proper  chemical  procefs. 

The  copper  in  many  veins  is  compofed  of  yel- 
low and  green ; in  other  veins  the  ore  is  chiefly 
of  the  yellow  and  brown  colours  blended  together. 
In  fome  veins  we  find  a mixture  of  yellow,  brown, 
and  green  ; in  others  a mixture  of  yellow,  black, 
and  browm  ; and  in  fome  veins  there  is  a mixture 
of  yellow,  purple,  and  of  all  the  glowing  colours 
of  the  rainbow  and  peacock’s  tail.  In  fliort,  cop- 
per ores  are  found  of  all  colours,  and  of  all  the 
fliades  and  tinges  of  thofe  colours,  and  many  of 
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thofe  colours  are  often  mixed  and  blended  in  the 
fame  vein,  and  feveral  of  them  even  in  the  fame 
individual  mafs  of  ore,  .which  makes  a juft  and 
proper  defcription  of  fome  of  the  copper  ores 
a difficult  talk. 

Some  of  thefe  mixed  copper  ores  are  of  a gra- 
nulated texture,  or  approach  to  a fteel  grain ; but 
moft  of  the  varieties  are  folid,  hard,  and  firm, 
and  of  an  uniform  texture.  Some  of  thefe  are 
dull  and  ftrong  like,  and  many  of  them  appear 
of  various  degrees  of  beauty  and  metallic  bright- 
nefs. 

Copper  ore  is  often  decompofed  and  diffolved 
by'corroding  waters  palling  over  it  j and  the  par- 
ticles thus  diflbived  are  often  carried  away  by 
water,  and  lodged  at  different  diftances  from  the 
veins.  'I'his  weathered  or  diffolved  copper  is 
found  in  many  places  in  the  ftate  of  an  ochre  or 
of  a loofe  powder. 

This  powder  is  commonly  of  a green  or  of  a 
blue  colour,  and  is  called  mountain  green  and 
mountain  blue,  fome  of  which  appear  of  a beau- 
liful  bright  green  and  blue  colour,  and  others  are 
of  a more  dull  and  earthy  appearance.  Some  of 
the  ochreous  copper  ores  are  indurated,  and 
others  are  niore  loofe  and  friable  5 however  all 
thefe  may  foon  be  afcertained  with  a little  aqua- 
fortis. In  this  experiment,  the  friable  ochreous 
and  the  powdery  famples  muft  be  put  into  a 
, drinking 
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drinkint?  glafs,  with  fome  aquafortis,  and  after 
Handing  about  a minute,  touch  the  liquid  with 
a key  or  a knife,  and  a thin  plate  of  real  copper 
will  appear  on  the  iron,  if  the  matter  fo  tried 
contains  that  metal. 

Copper  found  in  the  Hate  of  an  ochre  or  of  a 
powder  is  commonly  mixed  with  calcareous  mat- 
ter, and  effervefces  in  the  aquafortis,  in  the  fame 
manner  as  lime-ftone  and  other  calcareous  fub- 
ftances,  and  fome  copper  ore  found  in  veins 
likewife  effervefces  with  aquafortis  ; but  the  cal- 
careous mixture  does  not  hinder  any  of  thefe 
famples  to  fhew  the  copper  upon  the  iron  in  the 
experiment  with  aquafortis. 

The  feveral  forts  of  copper  ore  curforily  point-  • 
ed  at  under  thefe  few  heads,  efpecially  the  lafl: 
article,  might  be  fub-divided  into  a number  of 
diftinft  fpecies  and  varieties  ; but  as  my  whole 
aim  is  to  point  out  fuch  defcriptive  marks  and 
charadlers  as  fhall  make  thefe  ores  known,  and 
as  may  diftinguifli  them  from  other  fofEl  bodies 
of  nearly  the  fame  colours  and  appearance,  I ^ 
am  no  way  concerned  about  a formal  regular 
mode  of  claffing  them.  I only  wifh  to  make  them 
known. 

The  mineral  veins  which  contain  the  various 
fpecies  of  copper  ore,  are  exadtly  of  the  fame  de- 
fcription  as  the  lead  veins,  and  the  various  un- 
metallic  mineral  fubllances,  hard  and  foft,  con- 
tained 
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tained  in  thofe  veins,  are  the  fame  which  have 
been  fully  deferibed  above,  and,  therefore,  a far- 
ther repetition  would  be  ufelefs.  However,  it 
may  be  obferved,  that  in  foft  veins  containing 
chun  and  mineral  clays,  we  need  not  look  for 
copper  in  the  white  and  whitilh  friable  clay  de- 
feribed above,  which  frequently  contains  particles, 
and  fometimes  fmall  malfes  of  lead  ore  coated 
with  cerufs.  There  feems  to  be  a quantity  of 
native  cerufs  mixed  with  this  mineral  foil,  which 
perhaps  has  been  produced  by  acid  corroding 
waters  diflblving  part  of  the  lead  ore,  which  pro- 
duces the  native  cerufs  that  is  mixed  with  this 
clay,  and  which  coats  or  covers  all  the  fhoads, 
and  all  other  malfes  of  lead  ore  that  are  covered 
with  a white  coat,  efflorefcence,  or  ruft. 

The  veins  which  contain  copper  and  lead  ores, 
as  I obferved  above,  are  the  fame,  and  the  va- 
rious mineral  bodies  which  accompany  both  thefe 
ores  are  alfo  very  near  the  fame,  and  to  fave  un- 
necelfary  repetition,  it  is  alfo  proper  to  obferve, 
that  the  various  kinds  of  copper  ore  are  found  in 
hard  and  foft  veins,  exaftiy  in  the  fame  manner 
as  the  various  fpecies  of  lead  ore  ; and,  therefore, 
when  a mineral  vein  is  difeovered,  in  which  no 
lead  ore  is  found,  it  Ihould  be  carefully  examined 
for  copper- 

As  all  mineral  fubftances  in  the  balfet,  out- 
burft,  or  furface  of  a hard  vein  are  fometimes  fo 
; * tarnilhed 
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tarniflied  and  difcoloured  as  to  conceal  their  na* 
live  hue  and  appearance,  I before  advifed  that 
the  furface  of  every  fubftance  within  the  tides  of 
a hard  vein  fliould  be  broken  or  fcratched  with  a 
pick,  or  other  iron  tool,  and  if  no  lead,  or  but  a 
very  fmall  quantity,  is  found  in  it,  it  Ihould  then 
be  carefully  examined  for  copper.  Copper  ore 
in  a hard  vein  may  be  either  red,  black,  blue, 
green,  yellow,  grey,  and  brown,  or  of  the  various 
ihades  and  various  mixtures  of  thefe  colours. — » 
Mod  of  the  copper  ores  of  the  limple  colours, 
and  of  their  fhades  and  varieties,  have  a mineral 
and  metallic  appearance,  with  various  degrees  of 
mixtures,  fufficieht  to  diftinguifh  them  from  mere 
flones  or  other  mineral  fubftances  of  the  fame 
colour,  efpecially  in  very  hard  veins.  However, 
fome  varieties  of  thefe  ores  may  be  fo  dull  and 
tarniflied  as  not  to  be  eafily  diftinguijOhed,  in 
which  cafe,  aquafortis  Ihould  be  ufed,  when  fof- 
hls  refembling  any  fort  of  copper  ore  are  found  in 
fuch  a vein.  It  commonly  happens,  that  fome 
little  verdigreafe  or  a fine  green  ruft  or  effloref- 
cence,  appears  upon  the  face  of  copper  ore  ex- 
pofed  to  the  external  air  in  the  furfabe  of  v^eins, 
and  likewife  upon  the  outfide  or  furface  of  loofe 
maffes  of  copper  ore,  which,  have  long  been  ex- 
pofed  upon  the  furface  of  the  earth : However, 
if  no  verdigreafe  or  fuch  fine  green  rufl;  fhould 
appear,  the  various  colours  and  appearances  of 
' ‘ the 
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the  copper  ores  have  been  fo  particularly  defcrib- 
ed  as  to  point  them  out  to  an  attentive  obferver, 
independent  of  the  verdigreafe,  which,  however, 
is  always  an  indication  of  the  prefence  of  copper 
in  lefs  or  greater  quantities. 

, Copper  ore  may  be  and  often  is  found  upon 
the  furface  of  the  earth  in  flioads  and  floats,  in 
the  fame  manner  as  lead  ore,  and,  therefore, 
when  vein-ftones,  fpars,  &c.  are  found  fcattered 
upon  the  furface,  they  fliould  be  carefully  exa- 
mined, to  fee  if  they  contain  any  copper  in  fpecks 
or  flowers,  and  the  place  fliould  be  well  exami- 
ned for  lefs  or  greater  famples  of  copper  ore. 

Mafles  and  fmall  bits  of  copper  ore  which  have 
fliden,  or  been  any  way  forced  oif  the  baflet  of  a 
vein,  and  lie  fcattered  upon  the  furface  of  the 
ground,  generally  Ihow  fome  little  verdigreafe, 
and  when  they  do  not,  the  ore  has  much  the 
fame  appearance  as  defcribed  above,  only  a little 
more  dull  and  tarnilhed  than  famples  of  the  fame 
ore  newly  broken,  but  the  tarnilhing  is  only  upon 
the  outfide  of  the  mafles  ; but  however  dull  and 
tarniflied  fuch  maflfes  and  fmall  bits  of  ore  may 
appear,  they  have  generally  a mineral  appearance 
and  character,  which  diflinguiflies  them  to  an 
obferving  eye  from  common  ftones  ; and,  there- 
fore, when  fpar,  vein-ftone,  &c.  are  feen,  every 
hard  fubftance  in  fuch  a place  fliould  be  broken 
to  fee  how  they  appear  in  the  infide. 
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When  treating  of  lead  ore,  I direded  how  to 
fearch  for  and  trace  out  the  veins,  by  means  of 
ore  and  other  mineral  fubftances  found  upon  the 
furface,  to  which  I refer,  as  it  need  not  be  repeat- 
ed here,  all  circumftances  being  alike,  refpefting 
the  fhoads  or  appearances  of  copper  and  lead. 

Copper  ore  is  found  in  all  the  defcriptions  of 
foft  mineral  veins,  in  the  fame  manner  as  lead 
ore,  and  the  copper  is  accompanied  in  thefe  veins 
by  mofl;  of  the  foft  mineral  foils  which  accom- 
pany lead,  excepting  the  white  friable  clay,"  which 
feerns  peculiar  to  lead.  But  of  all  the  foft  mi- 
neral foils  found  in  veins,  the  blackilh  and  all  the 
ftiades  of  brown  chun,  or  mother,  is  the  mod 
promifing  for  copper.  It  has  been  noted  before, 
that  chun,  which  is  alfo  called  ghurr,  is  a foft 
lax,  friable  foil,  found  in  the  concavities  of  mi- 
neral veins,  which  generally  has  a dudy  or  fnuffy 
appearance  when  the  vein  is  dry.  ^ 

When  a vein  is  found,  and  opened  a little 
containing  this  fort  of  foft  foil,  if  no  lead  is  found 
m It,  then  it  oiight  to  be  carefully  examined 
for  copper.  Let  every  hard  fubftance  found  in 
the  vein,  whether  it  is  mixed  and  buried  in  the 
foftneft  or  adhering  to  the  fides,  from  the  fiae 
Of  a fmall  pea,  and  upwards,  be  broken,  to  fee  if 
any  copper  appears,  which  in  fuch  veins  is  com- 
monly fo  tarnifhed  or  covered  over  with  the  foft 
foil,  m which  it  is  buried,  as  to  conceal  its  real 
I.  . XJ 
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colour  and  metallic  appearance,  which,  however, 
will  be  difcovered  when  either  fmall  or  great 
mafles  containing  copper  are  broken.  But  if  no 
maffes  of  good  copper  are  found,  nor  any  fpecks 
or  threads  of  copper  are  difcovered  in  breaking 
the  hard  fubftances  of  the  vein,  then  let  fome  of 
the  chun  be  put  in  a glafs  with  aquafortis,  and 
after  Handing  a little,  touch  the  liquid  with  clear 
iron,  and  if  any  copper  appears,  it  may  be  con- 
cluded that  it  is  a copper  vein,  and  farther  trials 
fhould  be  made  by  finking  down  in  it,  even  to 
a confiderable  depth,  there  being  little  doubt  of 
finding  much  copper  in  fuch  a vein,  if  you  go  far 
enough  dowm  in  it. 

Befides'the  feveral  defer iptions  of  mineral  veins, 
copper  ore  is  found  in  all  other  fituations  and 
circumflances  the  fame  as  lead ; fuch,  for  in- 
ftance,  as  blended  in  the  compofition  of  the  ftrata 
of  lime-ftone  and  other  rocks,  in  the  fame  man- 
ner as  lead  ore,  which  has  been  deferibed  above, 
and  need  not  be  repeated  here. 

Copper  mines  have  been  worked  for  a long 
time  in  many  parts  of  England,  to  the  great 
emolument  of  the  public,  and  of  the  feveral  di- 
flriiHs  where  this  metal  is  found  ; but  mines  of 
copper  have  not  hitherto  made  any  figure  in 
Scotland.  The  trials  for  that  metal  have  neither 
been  numerous  nor  very  fuccefsful,  perhaps  for 
want  of  (kill  and  perfeverance,  But,  however 
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that  may  be,  as  it  Is^’probable  that  more  attention 
will  be  paid  to  that  metal  hereafter  in  this  coun- 
try, I will  point  out  fome  places  where  I have 
feen  copper  ore,  and  appearances  of  good  cop- 
per mines  in  Scotland,  which  communication 
may  be  ufeful  to  pofterity. 

A great  many  mineral  veins  appear  in  the  cliffs 
of  the  fea,  all  round  the  coafl  of  Caithnefs,  in 
the  north  of  Scotland,  in  fome  of  which  I have 
feen  lead,  and  in  others  copper  ore. 

Many  of  thofe  veins  are  coved  by  the  waves 
of  the  fea  wafhing  out  the  fofter  mineral  foils. 
There  are  feveral  fine  regular  rake  veins  trend- 
ing towards  the  north  and  fouth,  and  others  to* 
wards  an  eafl  and  weft  direftion,  near  the  old 
ruinous  caflle  of  Olrick  in  Caithnefs,  which  in- 
terfe£t  one  another  at  right  angles,  in  fome  of 
which  I found  pretty  good  copper  ore. 

The  veins  at  Olrick  are  remarkably  good 
and  promifing,  and  regularly  open  between  the 
tides,  containing  fome  copper  ore  even  at  the  fur* 
face,  with  various  other  good  mineral  foils  both- 
hard  and  fofc.  I juft  touched  the  furface  of  two 
of  the  north  and  fouth  veins  at  Olrick,  which 
could  not  be  called  a trial.  One  of  the  places 
was  in  the  cliff  of  the  fea,  about  half  way  down 
from  the  fummit,  in  a ftrong  bold  vein,  contain* 
ing  fome  copper  ore ; but  as  moft  of  the  mine- 
ral foils  in  this  vein  w'ere  hard,  there  was  but 
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Very  little  done  in  it.  The  other  vein  was 
alfo  feen  in  the  clilF,  but  it  was  fearched  for  and 
found  by  a little  trench  upon  the  plain  ground 
above,  at  fome  diftance  from  the  face  of  the  cliff. 
This  vein  was  found  open  and  good,  immedi- 
ately below  the  upper  foil,  containing  fpar  and 
vein-ftone,  and  a blackifh  brown  chun,  or  foft 
mineral  foil,  with  fome  copper  ore  at  the  very 
furface  ; and  if  I remember  well,  there  was  not 
above  a yard  funk  down  in  the  vein,  juft  to  fee 
how  it  appeared.  ' 

The  copper  was  found  in  fmall  maffes  in  tne 
chun,  and  mixed  or  blended  through  all  the  vein- 
ftones  and  fpar.  I'he  copper  ore  at  Olrick  was 
moflly  of  a yellow  and  a brown  colour,  and 
frequently  a mixture  of  yellow,  brown,  and  green. 
It  did  not  appear  to  be  very  rich  in  quality; 
but,  perhaps,  that  is  not  ultimately  againft  it,  for 
it  may  be  remarked,  that  in  Cornwall,  and  other 
places  where  they  have  the  moft  rich  and  du- 
rable copper  mines,  the  ore  is  generally  poor 
in  quality,  which  defe61:  is  compenfated  by  the 
great  quantity  produced  ; and  as  far  as  I can 
judge  from  appearances,  Olrick  promifes  to  be 
a produftive  copper  mine,  when  the  beft  veins 
lhall  be  opened  and  effedtually  explored. 

The  beft  copper  ore  that  I ever  faw,  and,  per- 
haps, the  beft  that  has  been  feen  in  Britain,  is 
found  at  Kiffern  in  the  Weft  Highlands  of  Scot- 
land. 
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land.  This  remarkably  rich  ore  is  of  a reddllh 
grey  colour.  It  Is  uncommonly  ponderous  for 
copper  ore,  and  the  bed  maffes  of  it  are  fono- 
rous,  and  ring  like  the  melted  metal.  This  fine 
ore  is  found  in  a rake  vein  or  perpendicular 
mineral  fiflure,  which  erodes  a middle-fized  hill 
of  fine  limeftone,  within  a mile  of  the  fea,  or  an 
inlet  called  Loch-Kiffern,  upon  the  weft  coaft  of 
Rofsfhire.  There  have  been  fuperficlal  trials  made 

V 

at  Kiffern,  (the  name  is  founded  Kifhon),  and 
fome  tons  of  copper  railed  at  different  periods. 
The  ore  is  found  there  in  nefts  or  fmall  openings 
in  the  vein,  with  fhort  intervals  between  them, 
but  they  have  never  yet  funk  to  any  depth  in  it. 
I am  of  opinion  that  Kiffern  deferves  to  be  explo- 
red more  effectually  by  proper  trials.  There  is 
the  higheft  chance  in  its  favour,  not  only  of  this 
vein  and  other  perpendicular  fiffures  opening  wider 
and  more  regularly  at  proper  depths,  and  produ- 
cing good  bodies  of  ore,  but  there  is  alfo  a pro- 
bability of  difeovering  dilated  veins  as  they  work 
down  in  the  rake  veins. 

Flat  dilated  veins  are  commonly  found  in  all 
limeftone  mining  fields,  and  they  would  probably 
be  met  with  at  Kiffern,  were  the  perpendicu- 
lar veins  worked  deep  enough  to  come  at  them. 
When  I was  at  Kiffern,  I faw  the  baffet  of  a flat 
vein  there  in  the  limeftone  meafures,  containing 
iron  ore  at  the  furface,  a common  circumftance 
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in  other  copper  mines.  The  rake  vein,  out  of 
which  the  copper  was  raifed,  opens  and  clofes,  or 
checks  again,  at  fliort  intervals  near  the  furface^ 
and  they  have  not  gone  far  down  in  it.  The 
ore  was  found  in  every  fmall  opening  of  the  vein, 
and  the  quantity  found  was  always  in  proportion 
to  the  fize  and  length  of  the  open  fpace  in  the 
vein,  and  when  thefe  openings  clofed  or  checked 
as  rhey  worked  forward  horizontally  in  the  vein, 
the  copper  was  cut  out  and  loft,  until  they  came 
to  another  opening,  which  was  commonly  at  the 
end  of  two  or  three  feet,  or  of  two  or  three  yards 
at  moft,  when  they  were  fure  to  find  more  cop- 
per. A fliaft  put  down  in  the  vein  w^here  the 
beft  and  moft  copper  was  found,  to  the  depth  of 
twenty  or  twenty-five  fathoms,  and  a horizon- 
tal mine  driven  likewife  in  the  vein  from  the 
bottom  of  the  fhaft,  a confiderable  number  of  fa- 
thoms towards  the  height  of  the  hill,  might  be 
produftive  of  great  difcoveries  ; at  any  event,  the 
copper  which  would  be  raifed  in  going  down  and 
driving  in  the  vein,  would  probably  defray  the 
expence  of  the  operation.  This  may  be  done  at 
a moderate  expence,  with  a fmall  horfe-gin  or 
whimfy,  inftead  of  a windlafs,  for  drawing  the  wa- 
ter and  work  in  finking. 

Among  the  prodigious  number  of  lead  veins 
which  are  feen  in  the  illand  of  Ilia,  there  are  fome 
few  regular  good  veins  containing  copper  ore, 
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upon  which  trials  to  a fraall  depth  have  been 
made,  and  feveral  tons  of  pretty  good  copper  ore 
were  raifed  out  of  them.  The  copper  of  Ifla  is 
moftly  of  the  yellow,  brown,  and  green  colours 
mixed  together,  and  of  a clofe  grain  or  texture  ; 
but  moft  of  the  copper  of  Ifla  is  mixed  with  blue 
lead  ore,  which  is  a great  detriment  to  the  cop- 
per. 

The  Ochill  Hills  are  famous  for  producing  va  - 
rious kinds  of  good  metallic  and  femi-raetaliic 
ores  in  feveral  places,  fuch  as  filver,  lead,  cobalt, 
&c.  and  among  the  reft  copper  ore  has  been  found 
in  feveral  parts  of  thofe  mountains,  fome  of  which 
I have  not  feen  ; but  I faw  fome  very  good  regu- 
lar perpendicular  veins  bearing  copper  ore,  near 
the  bridge  of  Allan,  which  have  been  worked, 
and  a great  deal  of  copper  raifed  at  different  pe- 
riods. The  copper  of  this  mining  field  is  good 
in  quality.  I do  not  diftinflly  remember  all  the 
colours  of  it,  but  1 recollect  there  was  yellow, 
green,  and  grey  ore  produced  ; and  the  yellow 
copper  ore  there,  which  is  of  a laminated  ftruc- 
ture,  and  a bright  yellow  colour,  was  the  fineft 
yellow  copper  I ever  faw.  From  my  own  obfer- 
vations,  joined  wnth  the  information  of  fenfible 
fldlful  miners,  I am  of  opinion,  that  the  copper 
mines  at  the  Bridge  of  Allan  were  rafliJy  thrown 
up  and  flopped  about  twenty  years  ago,  when  they 
had  good  copper  in  feveral  foreheads,  and  ftill 
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better  in  fome  of  their  foies,  as  I thought  in  fufii- 
cient  quantity  to  be  worked  with  profit.  But 
there  being  no  furnaces  and  other  apparatus  for 
preparing  and  fmelting  the  metal  in  Scotland,  is 
a great  detriment  to  the  fuccefs  of  copper  mines 
in  this  country. 

The  mining  field  at  the  Bridge  of  Allan  pro- 
mifes  a rich  and  plentiful  produce  of  copper,  if 
conduced  with  (kill,  fpirit,  and  frugality. 

There  have  been  trials  made,  and  grey,  yellow, 
and  greenifh  brown  copper  ores  found  at  Curry, 
in  the  county  of  Edinburgh.  The  grey  copper 
found  at  Curry  was  exceeding  rich,  of  a bright 
grey  colour,  of  a granulated  texture,  remarkably 
heavy,  and  very  pure,  and  from  its  appearance  I 
imagine  it  contained  fome  filver.  This  fine  ore 
was  found  in  limeflone,  but  I do  not  now  remem- 
ber  whether  the  copper  was  found  in'  a regular 
vein,  or  in  nefls  in  the  lime-rock.  I alfo  faw  at 
Curry  a great  many  fmall  vagrant  firings  of  cop- 
per fcattered  in  the  fuperficies  of  the  rock  in  feve- 
ral  places,  upon  which  they  have  been  digging 
and  makingv  fuperficial  trials  at  different  periods. 
I imagine  that  they  have  paid  too  much  attention 
to  thofe  vague  appearances,  becaufe  they  faw  fome 
little  copper,  and  neglefted  fome  real  mineral 
veins,  becaufe  they  did  not  carty  ore  immediately 
at  the  furface. 
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There  are  appearances  of  other  copper  mines 
in  feveral  parts  of  Scotland,  which  I have  not 
feen  ; and'fome  that  I have  feen  I do  not  fo  di- 
ftinftly  remember  as  to  be  able  to  give  a juft  ac- 
count of  them. 

In  the  parifli  of  Colvend,  in  Galloway,  there 
are  great  numbers  of  mineral  veins,  in  which  fe- 
veral fpecies  and  varieties  of  copper  ores  have 
been  found.  Many  of  thefe  veins  appear  in  the 
rocky  cliffs  of  the  fea,  upon  the  north  fide  of 
the  Solway  frith,  which  are  high  and  precipi- 
tous. Sever?  1 of  the  perpendicular  veins  con- 
taining copper  in  this  field  are  fo  narrow  and 
clofe  at  the  furface  of  the  ground,  upon  the 
fummit  of  the  rocky  clift's,  that  they  could 
hardly  be  known  above  for  mineral  fiffures, 
if  they  were  not  feen  to  open  gradually  wider  and 
wider  as  they  cut  the  ftrata  afunder  down  the 
face  of  the  cliff ; but  notwithftanding  their  being 
fo  very  ftrait  and  clofe  above,  many  of  them  open 
afunder  to  three  or  four  feet  wide,  and  more,  be- 
fore they  are  half  way  down  from  the  fummit  to 
the  beach,  and  fome  of  them  are  fix  or  dght  feet 
wide  below  at  the  beach.  Some  of  thefe  veins 
are  coved  a confiderable  way  into  the  hill,  by  the 
continual  agitation  and  beating  of  the  weaves 
which  waffles  or  gradually  wears  the  mineral  foil 
out  of  the  veins.  Many  wonderful  ftories  were 
related  to  me  concerning  one  of  thefe,  called  the 
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Piper’s  Cove,  when  I was  in  that  country  near 
thirty  years  ago,  which  raifed  my  c\iriofity  to 
examine  it  with  lights.  Before  I entered  the 
cove,  I faw  that  it  was  a large  ftrong  mineral 
vein,  which  engaged  my  attention  to  the  in- 
ternal parts  of  it  as  fuch,  and  before  I came  out, 
I difcovered  copper  ore  in  the  vein. 

This  prompted  me  to  take  a view  of  the  cliffs 
further  along  fhore,  to  fee  if  any  more  difcoveries 
could  be  made  ; and  the  refult  of  my  fearch  was, 
that  I found  fome  copper  in  the  cliffs  along  fhore 
in  more  than  twenty  veins.  In  a year  or  two 
after  the  firft  difcoyery,  a company  tried  feveral 
of  thofe  veins,  and  fome  tons  of  copper  were  rai-p 
fed  and  fold  ; but  whether  the  company  and  their 
fervants  had  not  fufficient  fkill  in  copper  mines, 
or  that  they  made  fome  fuperficial  trials  in  too 
many  places  where  a little  copper  appeared,  but 
did  not  pufh  far  enough  into  the  beft  veins  with 
fufficient  fpirit  and  perfeverance,  or  that  the  ore 
was  found  in  too  fmall  quantity  to  be  worked 
with  profit,  or  whatever  was  the  caufe,  the  work 
was  thrown  up,  after  making  a great  number  of 
trifling  fuperficial  trials,  although  fome  copper 
was  found  in  moft  of  them.  From  what  I faw 
and  know  of  the  matter,  as  I fometimes  paffed 
that  way,  my  opinion  is,  that  they  tried  too  many 
places  which  deferved  no  trial  at  all,  and  of  con- 
fecjuence,  they  foon  found  too  much  money  out. 
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and  but  little  coming  in,  which  difcouraged  them  j 
whereas,  had  they  concerted  and  fteadily  followed 
a proper  plan,  ahd  pufhed  their  trials  effeftually 
In  two  or  three  of  the  moft  promifing  veins  con- 
taining copper  ore,  it  is  highly  probable  that  their 
fuccefs  had  been  quite  different,  and  that  this  had 
proved  one  of  the  greateft  and  beft  copper  mines 
in  Europe.  Moft  of  thefe  veins  are  very  clofe 
and  ftrait  above  at  the  furface  of  the  ground,  but 
open  gradually  downwards,  and  feveral  of  them 
are  wide  and  regulat  below,  containing  fome  cop- 
per ore  at  or  near  the  day,  with  very  promifing 
mineral  foils,  both  hard  and  foft,  as  brown 
chun,  kc. 

A great  variety  of  copper  ores  appeaf  in  this 
extenfive  mining  field.  The  principal  fpecies  are 
the  yellow,  green,  and  brown.  There  are  a great 
,yariety  of  mixtures  of  the  yellow,  green,  and 
blue  colours,  fome  of  which  are  tinged  with  all 
the  beauties  of  the  rainbow  and  peacock’s  tail ; 
but  thefe  gaudy  ores  are  generally  in  hard  poor 
veins,  which  do  not  promife  much  fuccefs,  at 
leaft  not  near  the  furface.  In  the  opener  veins, 
containing  foft  mineral  foils  and  kindly  fpar,  &c. 
the  yellow  ore  mixed  with  green  and  brown  co- 
lours are  generally  prevalent.  There  were  ribs 
of  folid  ore  in  fome  of  thefe  veins,  when  the  trials 
were  given  up,  in  one  or  two  of  the  beft  veins 

the 


( 43<3  ) 


the  rib  was  up  to  four  or  five  inches,  or  more> 
of  a brownifh  yellow  copper,  mixed  with  green  ;• 
and  I am  perfuaded  that  the  ore  in  fome  of  thofe 
veins  would  pay  for  working,  as  it  now  ftandsy 
if  managed  with  fpirit,  fkill,  and  frugality  j and 
as  the  veins  are  good,  and  trend  into  a range  of 
mountains,  which  have  a gradual  rife  or  accli- 
vity from  the  (hore,  until  they  afcend  to  a great 
height,  there  is  the  greateft  probability  of  fuccefsy 
by  driving  horizontal  mines  or  galleries  in  the 
veins  from  the  fliore,  towards  the  mountains,  in 
which  veins  there  is  middling  good  ore  to  begin 
upon,  which  would  pay  for  the  mine  or  gallery  ; 
and  as  moft  or  all  of  thefe  veins  open  gradually 
downwards,  it  might  be  prudent  to  fink  down 
below  the  level  of  the  fea  in  one  or  more  of  the 
veins  which  produce  the  beft  ore  and  ojher  mine- 
ral foils. 

In  fhort,  this  is  a noble  mining  field  for  an 
able,  fkilful,  prudent  company  to  engage  in,  and 
I am  perfuaded  that  fome  time  or  other,  when 
the  beft  veins  fliall  be  properly  opened  and  pur- 
fued,  this  will  prove  One  of  the  beft  and  moft 
extenfive  copper  mining  fields  in  Britain,  if  not 
111  all  Europe. 

The  next  metallic  ore  I fliall  take  notice  of  is 
iron.  In  thefe  curfory  obfervations,  concerning 
the  metallic  and  mineral  ores,  I follow  no  fyftem 
of  mineralogy,  nor  eftabliflied  rule  of  precedence, 
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but  I rather  have  refpeft  to  the  extent  and  riches 
of  our  Britifh  mines,  and  their  importance  to  ouf 
manufaftures  and  commerce,  than  to  any  other 
motive  of  choic-e  and  order.  Our  lead  and  cop- 
per mines  have  long  been,  and  ftill  are  worked 
to  great  extent  and  advantage,  and  it  is  yet  very 
prafticable  to  increafe  them.  Our  iron  mines 
and  iron  furnaces  have  begun  to  make  a figure 
of  late  years,  and  I hope  they  will  increafe  in  fome 
proportion  to  their  great  national  confequence. 

Of  all  the  mineral  ores  found  in  the  fuperficies 
of  the  globe,  iron  is  of^  the  greateft  importance 
for  all  the  purpofes  of  fociety  ; and  therefore,  it 
(hould  be  reckoned  the  moft  precious,  as  it  is  the 
moft  ufeful  of  all  metals.  Iron  is  either  neceffary 
or  applicable  to  moft  of  the  great  and  impor- 
tant ufes  of  metal.  Its  ferruginous  quality  is 
indeed  againft  it  for  feveral  domeftic  and  or- 
namental purpofes  ; but  where  the  greaf  and  ne- 
ceffary  ufes  of  metal  are  wanted,  for  ftrength,  du- 
rability, fine  edge  and  -point,  ifon  is,  without 
comparifon,  the  moft  ufeful  and  the  moft  valuable 
metal  in  the  world  ; and  like  the  other  common 
bounties  of  nature,  the  general  abundance  of  iron 
is  equal  to  its  great  utility.  However,  the  other 
metals  have  alfo  their  value  and  importance  in 
various  ornamental  and  ufeful  purpofes  of  life, 
and  they  are  of  great  confequence  to  our  Britilh 
manufactures  and  commerce.  Unlefs  it  is  the 
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firfl:  great  ex^ence  which  is  requlfite  for  erecting 
iron  works,  I ;^m  at  a lofs  for  the  reafon  why  we 
have  fo  few  blomaries  in  the  ifland  of  Britain  ; 
and  why  we  were  fo  long,  in  Scotland  efpecially, 
before  we  began  to  extend  this  valuable  manu- 
fafture  of  our  own  produce,  which  is  of  fuch 
vaft  national  importance. 

It  is  faid  that  a million  of  good  hard  ealh  is 
annually  carried  out  of  the  nation  for  iron, 
which  goes  into  the  coffers  of  cold  friends  and 
commercial  enemies.  It  fhould  be  the  fer-^ 
vent  wifh  of  all  the  real  friends  of  our  na- 
tional profperity,  that  the  blomaries,  or  iron 
works  of  Britain,  were  fo  much  increafed  as  at 
lead  to  keep  our  dry  cafh  at  home,  and  if  we  im- 
ported any  iron  at  all,  that  it  fhould  be  in  ex- 
change for  Britifh  manufactures  j and  I am  per- 
fuadedthat  the  means  of  fuch  an  increafe  is  abun- 
dant. 

Iron  works  in  Scotland,  for  manufafluring  the 
produce  of  the  country,  are  but  of  very  late  efla- 
blifhment ; but  to  my  certain  knowledge,  the  fof- 
fil  means  of  numerous  iron  works  in  this  coun- 
try are  abundant  and  good. 

I will  not  pretend  to  reafon  upon  the  policy 
of  national  bounties  to  encourage  the  increafe  of 
thefe  public  works ; but  it  appears  to  me 
abundantly  evident,  that  bounties  and  premiums, 
wifely  difpofed  6f  in  this  way,  would  prove  a na- 
tional 
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tional  advantage,  by  employing  a great  addition- 
al  number  of  hands  in  preparing  and  manufac- 
turing the  produce  of  our  iron  mines,  and  in 
keeping  at  home  a million  of  cafh  annually, 
which  may  be  employed  in  carrying  on  thofe 
iron  works,  by  which  means  it  would  flow  like 
vital  nourilhment  in  home  circulation. 

Our  worthy  young  Premier  has  inveftigated 
many  important  fubjeds  refpeding  our  national 
profperity, — I wifh  he  would  look  into  this 
alfo. 

Iron,  in  its  crude  foflil  ftate,  may  be  ranked  in 
two  forts,  viz.  iron  ore  and  iron  ftone.  Iron  ore, 
properly  fo  called,  is  found  in  all  the  feveral 
fpecies  of  mineral  veins  defcribed  above,  and  al- 
fo upon  the  furface  of  the  earth,  in  a coagulated 
or  concreted  ftate,  which  is  called  bog-ore,  and 
iron-ftone  is  found  in  thin  but  regular  ftrata  in 
the  coal  fields  and  others,  and  in  glebes  and  no- 
dules of  various  fizes,  blended  in  argillaceous 
ftrata  likewife  of  the  coal  fields.  Several  fpecies 
of  iron-ftone,  fuch  as  ruddle  and  flaty  or  fhivery 
iron-ftone  or  ore,  are  found  in  regular  continuous 
ftrata  among  the  ftrata  of  the  mountain  rocks, 
and  it  is  found  in  indurated  rocks  in  many 
places. 

There  are  feveral  fpecies  of  iron  ore,  fuch  as, 
I/?,  Blood-Jlone  ; id,.  Kidney  ore } '^d.  Grey  iron 
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ore  ; ^th.  Bog  ore,  &c.  and  of  each  of  thefe  there 
are  many  varieties. 

ijl.  The  hcematites,  or  hlood-Jiones , are  reckoned 
among  the  richeft  of  the  iron  ores.  They  are 
cither  of  a dark  brown,  a reddifli  brown,  or  of  a 
grey  colour,  remarkably  heavy',  and  generally  of 
a radiaied  ftrufture.  The  reddifh  and  brown 
forts  are  commonly  of  a fmooth  uniform  texture  ; 
but  the  grey  are  frequently  granulated,'  fome  of 
which  are  of  a dark  grey  colour  and  dull  appear- 
ance, and  other  varieties  are  of  a light  grey  and 
of  a bright  metallic  appearance. 

The  mafles  of  thefe  forts  are  ftrongly  marked, 
being  of  a ftriated  and  radiated  form  and  texture ; 
the  radii  very  diftindt,  and  diverging  every  way 
from  a common  center,  and  they  are  generally 
mixed  with  a whitifh  or  flelh-coloured  iron  fpar. 
Many  varieties  of  the  blood-ftones  are  very  hard, 
as  well  as  the  iron  fpar  which  accompanies 
them. 

id.  Kidney  ore  is  found  in  fmall  malfes  blend- 
ed in  a red,  flaining,  foft  clay'or  earth,  called 
fmit,  which  is  alfo  an  iron  ore.  -The  folid  mafles 
which  are  mixed- in  this  red  clay  are  remarkably 
heavy,  and  of  a blackifh"  brown,  or  dark  grey 
colour  ; they  are  either  roundifli  or  kidney  fha- 
ped,  and  of  a cruftated  ftrutlure,  the  fmall  mafles 
being  formed  of  concentric  crufts  or  folds  like 
an  onion,  though  in  fome  varieties  the  fmall  maf- 

fes 


( 441  ) 

fes  of  ore  are  of  a more  folid  ilru£lure,  without 
the  appearance  of  different  folds  or  crufts.  The 
moft  profitable  iron  mines  in  Britain  produce 
this  fpecies  of  ore. 

2d,  Grey  iron  ore,  of  which  there  are  many  va- 
rieties, moft  of  them  pretty  hard  and  heavy,  and 
fometimes  of  a dull  blue,  but  generally  of  various 
ftiades  of  an  iron  grey  colour.  Some  varieties 
of  the  grey  iron  ores  are  of  a granulated  texture, 
and  compofed,  fome  of  coarfe  grains,  refembling 
cparfe  iron  when  broken,  and  others  of  finer 
grains,  refembling  the  fteel-grained  lead  ores;  and 
fome  of  thefe  are  of  a blackifh  or  dark  grey,- and 
others  of  a bright  grey  colour,  refembling  fome 
of  the  granulated  lead  ores.  Again,  fome  varie- 
ties of  the  grey  ores  are  of  a cubical  or  diced 
ftrufture,  and  others  are  fcaly,  and  thefe  are  com- 
pofed of  larger  and  fmaller  cubes,  and  of  larger 
and  fmaller  fcales,  in  the  fame  manner  as  the 
diced  and  fcaly  lead  ores,  which  many  of  thefe 
refemble,  only  that  they  are  of  a duller  blue,  or 
of  an  iron  grey  colour. 

But  I will  not  purfue  this  defcriptlon,  which  is 
not  very  neceffary,  the  Iron  ores  in  general  being 
pretty  eafily  known  and  diftinguifhed  from  all 
others,  by  their  being  accompanied  with  lefs  or 
more  of  a brownifh  red,  or  of  a brighter  red  foft 
foil,  which  indelibly  ftains  the  hands  and  cloaths, 
and  therefore  I will  leave  the  defcription  imper- 
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feSt,  and  will  proceed  to  point  out  fome  of  the 
many  places  in  Scotland  where  I have  feen  ap- 
pearances of  good  iron  mines  ; and  it  was  only 
■for  the  fake  of  communicating  this  local  hiftory, 
which  may  be  of  future  ufe,  that  I faid  any  thing 
at  all  about  iron. 

I have  formerly  feen  appearances  of  iron  ore 
in  feveral  places  round  the  coails,  from  the  weft 
fide  of  St  Andrews  to  Montrofe  ; but  it  is  fo 
long  ago,  that  I can  now  give  no  diftind  account 
of  the  matter. 

About  feven  or  eight  miles  north  of  Montrofe, 
in  the  neighbourhood  of  a filhing  town,  which  I 
think  is  called  John’s-Haven,  there  afe  ftrong 
appearances  of  plenty  of  good  iron  ore,  particu- 
larly near  Mr 'Carnegie  of  Charlton’s  lime  works. 
The  iron  among  thefe  lime  works  appears  at  firft 
fight  to  be  plenty  and  good,  but  my  ft  ay  there 
was  fo  fhort  that  I had  no  time  to  examine  it  mi- 
’^^nutely.  It  is  eafily  diftinguiftied  by  the  ftrong, 
red,  ftaining  foftnefs  which  accompanies  it.  If 
this  ore  is  found  good,  it  is  almoft  plpfe  to  the 
fea. 

There  are  appearances  of  iron  ore  between 
thofe  lime-works  and  Stonehaven,  and  between 
Stonehaven  and 'Aberdeen,  concerning  which  I 
can  fay  nothing  diftinftly. 

There  are  ftrong  appearances  of  iron  upon 
the  coaft,  about  the  Ord  of  Caithnefs,  and  in 
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many  places  between  the  Ord  and  Wick,  and  to 
the  northward  of  Wick.  ' 

The  coaft  of  Caithnefs  is  remarkable  for  pretty 
high  rocky  cliffs,  in  which  great  numbers  of 
veins,  or  perpendicular  mineral  fiffures  appear, 
many  of  which  contain  iron  ore.  I remember 
obferving  fome  of  thefe  near  the  old  ruinous 
caftle  of  Girnigo,  and  between  Girnigo  and  the 
caftle  of  Ackergill.  Thefe  veins  appeared  to  be 
bold  and  roomy,  and  to  contain  plenty  of  good 
iron  ore,  from  the  abundance  of  a bright  red 
iron  earth  found  in  the  furface  of  them  5 but  I 
did  not  thoroughly  examine  circumftances,  hav- 
ing no  profped  then  that  iron  ore  would  fo  foon 
become  of  confequence  in  Scotland. 

There  is  great  abundance  of  bog  ore  over  all 
the  low  country  of  Caithnefs.  In  many  places  it 
almoft  covers  the  whole  face  of  the  ground  to  a 
confiderable  depth.  It  is  eafily  known  and  dif- 
tinguifhed  by  the  friable  conftitution  of  its  mifha-* 
pen  maffes  ; by  its  blackifh  and  rufly  colour  on 
the  outfide,  and  by  its  blackifh  grey  colour  and 
granulated  porous  texture  in  the  infide.  It  is  al- 
ways found  loofe  upon  the  furface  of  the  ground, 
in  the  fame  manner  as  float  ore,  without  any 
connexion  with  vein  or  flratum. 

Iron  ore  has  been  wrought  in  the  main  ifland 
of  Orkney,  and  fhipped  for  ufe  at  Carron,  con- 
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ccrhing  which  I can  fay  nothing  farther,  as  I 
never  faw  it. 

Good  iron  ore  appears  in  the  lime  rocks  of 
Kilfern  in  Rofslhire,  where  the  rich  copper  men- 
tioned above  was  found.  I did  not  traverfe 
all  the  linie  rocks  at  Kilfern,-  but  I faw  fine 
iron  there  in  two  different  places,  and  of  two 
different  fpecies.  The  firfl  which  I obferved  is 
grey  iron  ore,  contained  in  a perpendicular  fiffure 
or  rake  vein,  which  appears  diflindlly  in  the  fide 
of  a fmall  rivulet  near  the  road,  upon  the  fouth 
fide  of  the  field  in  which  the  copper  was  founds 
This  vein,  if  1 remember  well,  is  between  two 
and  three  feet  wide  at  the  furface,  and  full  of 
good-like  grey  iron  ore.  In  the  fecond  place 
v.'hich  I obferved,  the  iron  feems  to  be  of  the  fpe- 
cies called  kidney  ore,  and  it  is  contained  in  a 
flat  or  dilated  vein  in  the  lime-llone,  and  fituat- 
ed  about  a hundred  yards  or  more  weftward  from 
the  copper  vein. , I faw  not  the  leafl  trial  upon 
either  of  thefe  two,  but  they  appear  to  be  very 
good.  The  fite  of  them  and  of  the  copper  is 
about  a mile  from  the  fea,  or  falt-water  loch  of 
Kifferm 

I am  perfuaded  that  feveral  of  the  Weflerrt 
llles  abound  m iron  ore,  fome  of  which  I have 
feeri  in  Cannay,  &:c.  which  I had  not  time  to  exa- 
mine. 
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There  appears  plenty  of  good  iron  ofe  in  fe* 
teral  mineral  veins  in  the  fouth  fide  of  the  min- 
ing ifland  of  Ifla,  part  of  which  is  found  in  the 
lime  within  the  bounds  of  the  lead  mining  fields 
.and  part  to  the  fouth  of  the  field  w'^hich  abounds 
mod  in  lead  ore.  There  are  many  appearances 
of  iron  along  the  coaft  of  Ifla,  which  I have  on- 
ly feen  at  a diflance,  but  from  what  Came  under 
my  eye,  I am  confident  that  Ifla  is  an  eligible 
place  to  fearch  for  a valuable  iron  mine,  which 
would  anfwer  well  for  iron  works  upon  the 
Clyde,  in  Ayrfhire,  or  in  any  part  of  the  weft 
coaft. 

A ftrong  appearance  of  a great  quantity  of 
iron  is  to  be  feen  in  the  hills  which  are  fituated 
to  the  eaftward  of  Girvan  in  Ayrfhire,  which 
appearance  of  iron  ftretches  away  longitudinally 
towards  the  north-eaft,  as  far  as  the  pariflies  of 
New  Cumnock  and  Muirkirk,  which  may  be 
foon  of  great  ufe  to  the  new  iron  works  lately 
eredled  at  Muirkirk,  and  perhaps  to  others  in  the 
courfe  of  time,  there  being  plenty  of  coal  and 
coal-field  iron-ftone  in  the  fouth-eaft  parts  of 
Ayrfhire.' 

Iron  mines  appear  in  rnany  places  upon  thefea 
coaft  of  Galloway,  particularly  in  the  parifh  of 
Col  vend,  both  to  the  weft  and  eaft  of  the  copper 
mining  field  above-mentioned,  where  many  veins 
containing  kidney  ore  and  other  fpecies  are  to  be 
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found,  feveral  of  which  I have  feen,  but  not  exa- 
mined < 

The  north-weft  fide  of  the  Ochil  hills  abounds 
in  iron,  which  I have  feen  in  croffing  thofe  hills. 
It  ftretches  longitudinally,  but  of  what  quality  I 
do  not  know ; however,  it  deferves  to  be  afcer- 
tained,  the  ftte  being  convenient  for  the  great 
quantities  of  excellent  coal  and  iron-ftone  of  the 
coal-field  found  upon  the  banks  of  the  i)evan,'a 
plentiful  ftream,  and  in  the  moors  to  the  fouth 
of  the  Devan. 

The  iron  ore  or  iron-ftone  at  Noblehoufe  is 
pretty  well  known,  being  opened  a little  a few 
years  ago  by  the  proprietor.  Sir  William  Mont- 
gomery of  Magbyhill.  This  is  not  a vein,  but 
a ftratum  of  iron,  which  ftretches  longitudinally 
a confiderable  way  towards  the  north-eaft  and 
fouth-weft,  through  the  lands  of  Magbyhill,  La 
Mancha,  and  others.  This  ftratum  of  iron  is  of 
confiderable  thicknefs,  being  above  twenty  feet 
acrofs  the  ftratum  where  it  was  opened  at  the 
furface  near  Noblehoufe.  It  is  a flaty  or  Ihivery 
iron  ore,  or  iron  ftone,  of  a reddifii  brown  co- 
lour, and  fmooth  uniform  texture  in  the  infide 
of  the  maffes  when  broken,  and  mixed  -with 
ftaining  iron  earth  of  the  fame  colour.  When 
I faw  this  iron  mine,  I thought  the  ore  fhould 
have  been  very  rich,  but  was  told  that  it  only 
produced  about  twenty-five  or  thirty  per  cent. 
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At  mod  upon  trial ; however,  as  they  only  dug 
the  furface  of  the  flratum,  which  muft  be  mixed 
with  furface-earth  carried  down  by  rains  into 
the  iron  ore  for  ages,  I imagine  it  (liould  be 
richer  if  worked  down  to  a proper  depth.  I am 
perfuaded  that  this  will  become  of  great  value 
in  the  courfe  of  time,  as  the  extenfive  muirs  to 
the  north  of  it  abound  in  coal  and  coal-field 
iron-ftone,  and  the  fituation  only  fixteen  miles 
from  Edinburgh,  and  convenient  for  the  extenfive 
inland  countries  to  the  fouth  and  weft  of  it. 

The  belt  of  all  iron-ftone,  which  is  found  in 
thin  ftrata,  and  alfo  in  detached  glebes  and  no- 
bules  in  the  argillaceous  ftrata  which  accompany 
feams  of  coal,  abounds  in  all  parts  pf  Scotland 
where  any  ftrata  of  coal  have  been  difeovered. 
I call  this  iron-ftone  of  the  coal-field,  becaufe  it 
is  always  found  in  thofe  argillaceous  ftrata  which 
attend  coal,  and  which  are  very  commonly  the 
immediate  roof  of  coal  ; and  therefore,  it  is  cuf- 
tomary  to  rummage  the  coal  waftes  for  this  fort 
pf  iron-ftone,  from  whence  it  is  raifed  much 
.cheaper  than  by  digging  it  out  of  folid  ground. 

This  fpecies  of  iron-ftone  is  fouiid  upon  both 
fides  of  the  frith  of  Forth,  from  the  eaft  of 
Fife  and  oppofite,  all  the  way  up  to  Stirling,  a 
length  of  more  than  fifty  miles,  and  in  a great 
many  places  it  is  found  quite  down  to  the  fliore, 
and  within  flood-mark.  Upon  the  north  fide  of 
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the  Forth,  the  coal-field,  and  of  courfe  the  iron- 
ftone  field  is  generally  about  eight  miles  broad 
from  the  fhore  inland,  and  in  length,  as  hinted 
before,  above  fifty  miles.  The  iron-ftone  in  this 
extenfive  coal-field  is  very -plenty  and  very  good, 
and  it  is  all  entire,  excepting  a very  little,  which 
the  Carron  Company  have  picked  near  the  fhore, 
and  a confiderable  quantity  which  they  have  ta- 
ken from  Pitfirran. 

The  inland  coals  at  a diftance  from  the  fhore 
are  remarkably  good  and  plenty  in  feveral  parts 
of  Fife  and  Clackmannan  fhires,  and  as  there  is  ap- 
pearance of  iron  ore  in  the  Ochil  hills,  this  coun- 
try may,  in  the  courfe  of  time,  become  the  fite 
of  extenfive  and  valuable  iron  works. 

The  iron-ftone  upon  the  fouth  fide  of  the  Forth 
is  found  as  abundant  and  as  good  as  upon  the 
north  fide,  with  this  addition,  that  in  many 
places  the  coal  and  iron-ftone  field  upon  the  fouth 
fide  is  more  than  double  the  breadth  of  the  other. 
The  greateft  part  of  this  fouth  field  reaches  from 
the  banks  of  the  Forth  all  the  way  to  the  fouth 
fide  of  Ayrfhire,  which  is  more  than  fix  times 
the  breadth  of  that  upon  the  Fife  fide  of  the  wa- 
ter. 

The  Mid-Lothian  coal  and  iron-ftone  field 
reaches  from  the  fouth  fhore  of  the  Forth  near 
twenty  miles  up  the  country  towards  the  fouth- 
y^eft,  and  it  is  of  pretty  equal  breadth,  being 


( 449  ) 


every  where  about  twelve  or  thirteen  miles  acrofs. 
The  fouth-eaft  fide  of. this  field  confifts  of  a range 
of  horizontal  Itrata,  and  the  north-weft  fide  of 
vertical  or  greatly  Doping  ftrata,  and  both  ranges 
abound  in  good  coals  and  iron-ftone.  The  fiat, 
broad,  or  horizontal  coals  of  this  great  field  are  of 
excellent  quality,  and  remarkably  plenty  and  cheap 
in  the  neighbourhoods  of  Onnifton,  Cranfton,  Ca- 
rington,  and  Temple,  which  diftri£l:s  alfo  abound 
in  good  iron-ftone  ; and  therefore,  thefe  are  fup- 
pofed  to  be 'good  fituations  for  iron  works  ; and 
iron  ore  is  found  in  abundance  at  Noblehoufe, 
and  farth.er«eaft.;  and  there  is  appearance  of  iron 
ore  in  the  range  of  hills  upon  the  fouth  fide  of 
this  coal-field. 

In  the  range* of  vertical  and  greatly  Doping 
ftrata,  in  the  north-weft  fide  of  the  Mid-Lothian 
coal-field,  there  are  a great  number  of  thick 
feams  of  excellent  coal,  and  the  ftrata  of  iron- 
ftone  areTinnumerable,  befides  a great  quantity 
of  nodules  contained  in  thick  beds  of  coal-till, 
and  all  apparently  of  excellent  quality.  The 
coals  of  this  range,  for  eight  or  ten  miles  from 
the  fliore,  fell  at  a good  price,  being  carried  to 
Edinburgh  ; but  farther  up  the  country  they  are 
of  fmall  value,  and  not  worked  at  all,  or  none  to 
fignify  ; and,  therefore,  it  is  prefumed,  that  the 
neighbourhoods  of  Auchindinny,  Pennycuick, 
and  Newhall,  would  be  eligible  fituations  for  iron 
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works,  which  can  be  fupplied  with  excellent  and 
cheap  coals  from  the  horizontal  ftrata  upon  the 
fouth,  and  from  the  edge  feams  upon  the  north 
fide  of  the  river  Efk,  and  with  abundance  of 
iron-hone  from  both,  part  of  which  can  be  cart- 
ed wehward  from  the  coal  wahes  of  Loanhead 
and  Gilmerton  ; and  there'  is  abundance  of  iron 
ore  for  mixing  with  the  hone  at  Noblehoufe,  and 
farther  eah,  at  a fmall  dihance  from  thefe  pro- 
pofed  iron  works. 

It  fhouid  give  real  pleafure  to  all  the  friends 
of  our  national  profperity  to  obferve,  that  iron 
works  have  been  lately  erefted  at  Cleugh,  upon 
the  banks  of  the  river  Clyde  above  Glafgow,  and 
at  Muirkirk,  which  I heartily  wihi  may  fucceed. 
Other  proper  inland  fituations  in  the  counties  of 
Lanark,  Renfrew,  and  Ayr,  where  coals  are  plenty, 
excellent,  and  of  fmall  value,  and  the  iron-hone 
plenty  and  good,  are  fo  numerous,  that  I will 
not  attempt  to  point  them  out.  I wifli  that  plenty 
of  good  iron  ore  were  to  be  found  contiguous  to 
thefe  fituations.  But  I have  already  faid  as  much 
ripon  this  fubjeft  as  is  conhhent  with  brevity, 
propriety,  and  truth. 
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ERRATA  in  this  VOLUME. 

In  the  PREFACE. 

Rage  21.  line  1 1.  after  the  word  and,  read  I hope  to. 

25. 1.  1 9.  for  for,  read  if. 

VOL.  1. 

P.  3.  1.  1 5,  for  of  working,  read  and  working. 

1 9.  I.  4.  for  aright,  read  right. 

24.  1.  23.  for  are,  read  is. 

28.  1.  6.  for  is,  read  are. 

39. 1.  3.  for  ftrata  of  ball,  read  ftrata  and  ball. 

146.  1.  10.  read  compofed  altogether  of  the  fame  ftrata  of 
coal  metals. 

186.  1.  15.  read  fufficient  to  IHmulate  them  to. 

191.  1.  g.yor  unreafonable,  unfeafonable. 

226. 1.  26.  for  difcumpoled,  read  decompofed. 

249.  1.  I.  for  cake,  read  cokes. 

299.  1.  12.  for  they,  read  the  foft  foils. 

309.  1.  6.  for  latch  holes,  read  loch  holes. 

311.  1.  ii.ycr  walhing,  rulhing. 

317. 1.  16.  for  figures,  read  fifiures. 

361.  1.  17.  for  round,  read  rounded. 

364.  L 1 7.  this  mark  | fhould  be  thus  +. 

365.  1.  1 8.  for  whinftone,  read  veinftone. 

366.  1.  r6.  for  bafing,  r<rarf  baring. 

371.  1.  16.  for  worked,  read  marked. 

395.  1.  26.  for  facred,  read  found. 

403.  1.  8.  for  perpendicular,  read  particular. 

427.  and  428.  for  Olrick,  read  Old  Wick. 

441.  L 2d,  rM</3d. 
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